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BOSTON MEETING, MARCH lI 


The next monthly meeting in Boston will be held Frida 
March 11 in the auditorium of the Edison Electrie Ilun 
pany. The Boston Section of the American Institut 
Kngineers will cooperate in the meeting, and it is expect 

| 
tions The papel will be by M. W. Alexander, men 


Ie who has been SO long identified with the eqducatlol 


the Boston Society of Civil Engineers will join with tl 


training of apprentices and employees at the works of thi 
Kleetrie Company, West Lynn, Mass. The subject of tl 
The Training of Men, A Necessary Part of the Modern 


tem. This paper was published in the January number of 


i OMe el Op iy 
thy ditorn f the ( ( of Bost | 
Informal dinner he receding the 
indi guests were present While about 500 tence 
CSSION The meeting Was « uied to order at So ciock ‘ag 
(*. Jackson, Mem.Am.Soc.M.] chairman of the Boston 


\merican Institute of Electrical Engineers David B 
\lem.Am.Soec. M.E chairman of the Industrial Power ¢ 
the Institute was ealled to the cha 
entation of the follow 
Power to Industrial Establishments, by Dugald C. Jacl 
\m.Soc.M E ;: Central Stations s. Isolated Plant ry 
by Charles T. Main, Mem.Am.Soc.M.k.; The S 
Power for Industrial Establishments from Central st 


Hale, Mem.Am.Soc.M.E.; 1 


YEAR BOOK FOR IYILO 
The Yea Bool ot the Society tor the Vea LOO 


tributed to the membership It is issued in n 
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PENNSYLVANIA STATE COLLEG! 

The first regular meeting of the Penns) lvania State ¢ oll ve Studen 
Section as held on January 14, with Aeronautics as the topic for 
discussion. Prof. Arthur J. Wood, Mem.Am.Soc.M.E., exhibited 
a small model biplane which he had constructed. At the February 


7 | 


meeting Power Plant Accessories were considered 
BROOKLYN POLYTECHNIC INSTITUT] 


The student branch of the Brooklyn Polytes rine Institute 


preparing to publish an annual, to contain papers Dy spe akers pro 
fessors and students. At the January meeting Leon B. Lent \le1 
Am.Soc.M.E.., delivered an illustrated leeturt Ol \lodern Ga 


Engines. 











SPRING MEETING, ATLANTIC CITY 


ring Meeting of the Society will be held at Atlantic City 


» June 5 1 isive, with headquarters at the Marlborough 
There w be the usual professional sessions, announce- 


ch will be made later, and on Wednesday evening, June | 


Re Pree 
embership will be conterred upon Rear-Admiral Geo 


) ) RANSPORTA 1() OTIC] 
tr OI I i Pullman car a Om mo 
( eel { rea pers i! guests 
t ~ oe \leeting Atlantie Cit May dit ines, 1910 
eC ¢ i ind three-nhiiths tor the und trip, on the 
en ti Pular tare 7) cent in ip 
( L te Read iter 
( rie vy ne lire ‘ yveen 
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) ] | 
( 20 cen \ He colecled lol ich certineate Ludated 
‘ +? 
idated after June 3 


2,5. No refund of fare will be mad 
l failure to have certificate validated 
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JOINT MEETING WITH THE INSTITUTION O} 
MECHANICAL ENGINEERS 


\GHAM AND LONDON. ENGLAND. JULY 5-29. 1910 
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Saturday, July 30, 1910, London. 
Whole-day excursions, Windsor and Henley (by invitation 
Evening. Reception at the Japanese-British Exhibition 
By Invitation 


re ol opinion that members of the \merican So 


The Committee : 


ciety will prefer to make their own arrangements for the time between 
of the Meeting in Birming 


ham at 10 o’ clock On Tue sday, as he Stel and otner nlac Oot interest 


the arrival in Liverpool and the openin 


are in the immediate vicn 
With regard to hotels in Liverpool, the Adelphi, Exchange and Grea 


Western are considered the three principal hotels. Southport (18 
miles away) is how almost a suburb of Liverpool on unt of ti 
frequent service of electric trains, and is a pleasant seaside resort 


list of hotels inh Birmingham ana me ighborhood Wlil be pu shed lat 


INVITATION FROM INSTITUTION OF CIVIL ENGINE! 


The following lette1 Ol invitation has been received fro Tre nh 
tution of Civil engineers nd ach nowledged with appreciat n bv the 


Council ot The American SPociely of \Iechanieal | neineers 


oint meeting be een tl \ s | 
it a meeting held today it red me to request to be vu 

to the members of The American Society of Mechani Iinginee! 

dial invitation to them to Lil themsel ve lu x the p f + 

of the accommodation w nt ! of this ly 

















REPORTS 


MEETING OF THE COUNCII 


\t a meeting of the Council, held on Tue sday, February 8, LYLO 
in the rooms of the Society, there were present Messrs. Abbott, 
Baker, Bancroft, Bond, Carpenter, Gantt, Hartness, Humphreys, 
Hutton, Meier, Moultrop, Reist, Smith, Stott, Waitt and the Secre- 
tary. Regrets were received from thi President and from W KF. M. 
Goss, Vice-President. On motion Dr. Humphreys acted as Chair- 
man. 

The minutes of the meeting of January 11 were read and approved. 
The Secretary reported thi death of Charles Batchelor. 

The resignations of R. Carter Beverley, J. 8. Avery, Jr., and F. C, 
Slade were accepted, and announcement of the lapsing of the member- 
ship of the following was made by the S¢ cretary: ki. EK. Barnard, F. E. 
Bradenbaugh, Jas. Breen, J. M. Briggs, Ek. D. Clarage, J. C. Dodwell, 
W. F. Donovan, L. H. Gardner, J. N. Gre gory, G. VU. Hodge, Nathaniel 
Lombard, ‘ I’. Meissner, Kk. k. Miller, Jas. Naughton, H. E. Newell, 
H. W. Pudan, W. B. Reed, F. A. Schroeder, E. O. Spillman, G. W. 
Steward, | P lhorp A. A. Thresher, and A. J. Weichardt. 

The Executive Committee reported that 49 members had reserved 


i+ 


passage onthe Celtic, the ofhcial steamship for the Joint Meeting 


Voted: That the Meetings Committee, in providing for the pro- 
fessional sessions, including papers and discussions, for the Joint 
Meeting, will entirely fulfill its duty. 

The report of Ik. M. Whyte, Honorary Vice-President, to the 
National Civic Federation, was received and placed in file. 

Voted: That the S« cretary be directed to reply to the request for 
ooperation with the editors of the proposed American Year Book 
that the Society will be pleased to lend assistance by giving informa- 
tion but can take no official part directly or indirectly in the publica- 
tion. 

Voted: That .the,invitation of the Institution of Civil Engineers 
be accepted with thanks, whereby the courtesies of the rooms of 
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the Institution are extended to the members of The Amer ican Society 
of Mechanical Engineers attending the joint meeting with the Institu 
tion of Mechanical Engineers in July 1910. 

The election of Rear-Admiral George W. Melville to Honorary 
Membership by unanimous ballot, was announced. 

Resolved: That the checks from the Treasurer be made payable to 
the order of the cashier and his bond be equal to the maximu 
amount of funds subject to his control. 

Mr. Waitt, Chairman of the Finance Committee, presented 
further report regarding the proposed amendments to B18 and C18 
that had been referred to the Finance Committee for recomn 
tion and report to the Council. 

Voted: That the proposed amendments with the report of the 
Finance Committee be referred to the Committee on Constitution 
and By-Laws for report to the Council 

Voted: To approv' the application LO! i sl ident brancn at 
University of Maine, Orono, Me. 


V oted: To approve the modifications of the standards as approve 


by the Executive Committee and re ferred to them under the p 
visions of the By-Laws, January 21, 1910: general ledger, membe1 
card ledger, collection of dues, funds of the society, instructions on 
savings accounts, instructions on finance report, general information 
for office. 

Notice was also given of proposed amendments to standards ot 
instructions for payliig bills. instructions on members|] p, committee 
work, election of members classification of accounts, stvle sheet, 
cashier’s funds, purchasing, et 


On motion the meeting adjourned to March 8, 19L 


ABSTRACT OF REPORT OF LIBRARLIA? 


fo THE LIBRARY COMMITTE! 


Books and Pamphlets in the Library during the period July 1. 


1908, to December 31, 1909, are listed in the accompanvine tabk 


During this time 1531 volumes, chiefly periodicals, have been bound 
at a cost of $1339.92. 
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SOO} AND PAMPHLET IN THI IBRARY 


Me. I 
M. I 
E. I 
PERIODICALS 
m July 1, 1908, there were 690 current periodicals in the jon 
ries, 259 being duplicates, and on December 31, 1909, the num 
me ( i reg rece ec ‘ ( ] ID ite V4 shy 
>) ( duplicate sets were i durin 1909 4 Y 
I > 2 In 1d1itlo!l S11] 1b \\ 5 res T ’ T 
in odd periodical 
LES i transcriptions have been made during the period 
] SO] 
CIRCULATION OF ROOK: 
curds were piaced In commision on March | L909 and the 
UN nad TES har T ' 
4 10 i L\d1cAal Tie characte! ) T ( ( ind f a) 
} iT i} tal ition, however, represet out 
the liatlol many people go directly to tl helve i! 
t ( fol ! 
o Hyd ] I J 
’ Vi } i 


s shown in the tollowime table: 


— 
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of $530, and furniture 
$682.86, including tel: phor 

It will be noted 
held by Andrew Carnegie, Es 
| 


Nas | 


that the 
een reduced by payments 
to 


Founder Soe tir f 


societies $223 000. 


for pavn 


1) 


SOCIETY 


from the land and by nidin 


correspondingly 1 


rincipal of the n 


AFFAIRS 


voths stereopticol T ies 


oy? ra oy 


¢ originally 


and amountin 


‘eqducing 


ent of interest. 


the bur 


and fixtures representing an expenditure of 


r~ 
at ate 
S540.000 


t} 


The PTOSS operating expenses for the vear were $35.845.92 or. « 


cluding expenditures for building equipment, $530, and furniture 
fixtures to the amount of S682.86. a net cost of op rating the 
for the year 1908 of $32,163.57, slightly in excess of 1908. 

In aces rdanc with the r sol ition of the board an upp! ! 
of $5000 was made out of the s irplus remaining from the vea QOS 
and this amount ($5,037.50) was invested in Baltimore & Ohio | 
as an addition to the contingency and renewal fund i! 
the Founders’ Agreement, bringing the reserve fund up to $10,268.7 
It is recommended that a nila appropri ition be 
available bal: nce trom PAI operation 1¢ ne 
carried forward of $3,905.95 

Attention is called to tl ( hat we | nu Q 
unoccupied floor space ( ng eq , t in re 
only 4 per cent of the to e available for r ©] 
of this small remaining spa inder option, so that t 
available ans Le! io" ? nd nte-roon 
Trustees as B d Room. and even that is o sionally 
board meetings inde ssment fol ( tside parti ) 
founder Societi« is pre to rele iSC OT { 
tions from Associates, othe ‘wise the building 1 1} ¢ e¢ 
occupied. 

Your attention is directed to the smal! number of tir 
torilum has been oc¢ uy ied iring the yeal thirty ti} is ag 
twenty-seven times in 1908 nd the relative ly smal! deman y ( 
two assembly rooms on the fifth floor, occupied fifty-six times in 1909 
as against sixty-eight times in 1908. During the past r 
ties of the building were njoyed DV fifty-two societies | ers 97 
Associates, as aga inst thirt rin the vear 1908 The 
made of the auditoriu in he assem|l r 
the income therefron rely ( their quota o ed 
continues to be a ( e eco } 
building. 

The chief librarian reports ittendance during ui 
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THE TESTING OF WATER WHEELS AFTER 
INSTALLATION 


\leml } x 

In thie . eV ( ~ there } i Deen OoTOWINY a nal ! { 
Tests of Cr Wheels | r mst lheat ! The of ( Hemg ( eT] lie 
The horsenowel!l ndint ith) ses tl eth «*? thie hee } ey] 
ictual running cond ns, as well ( erta heels 
ire up to their 2g inteed rating 

> The Holyoke testing flume is the only place in the United States 
where commercial tests of wate ( @ rack bol Done Ol 
COMMATISO! Mae! Ltithi CO?) { ! I ( CSUS SCI themrpurp ( ( 
and their influence has been yreat ( PVE nment eC] ern 
othe { Tt turbine Dut ? wever Well heel tte STi l}) ! cst 
made as just described, it may ! ' L give ¢ lits 
Lite installa I That CLEP ic enti ) | ! ( 
conditions of set 1g ina requ } nt ye ) r 

) If the whe VIVeEn a Zoo | J . 
prop speed under a head hited t ‘ 

s rated work, which ean be a ted 
tests made at Holyoke, provided vhe ) | 
testing f] Lire This f We Was Hot cle v » Uf I 
modern turbines, nor is suitable ne high-he 
lf the wheel is not VIVeTL a ir sett v nel re l | l “) 

. 

high a speed whic SCCTIIS to ty alin St ul CTs lp | ‘ l 
down on both power and efhicieney, the drop in « eC} yy 
the departure from the normal mations 

| The eficiency of water wheels under actua ) he | 1 
has a very direct be ring Upon the conservation OF hatural resources 
and every inducement should be offered to keep that efficiency high 
The wate! wheel “as it Is leads all other prin Ove! in eff ere 


THe AMERICAN SOCIETY OF MECHANICAL | 
New York All pape ire 


ubject to revision 
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Under ideal working conditions of the steam engine, gas engine and 
steam turbine, the water wheel has at least three times as good an 
efficiency as the best of these. If, therefore, by increasing the effi- 
ciency of the water wheel, even by a small percentage, we are able to 
get just so much more power from the same amount of water used, 
this clearly has a direct bearing on the question of conservation. 

5 There is one difference between coal and water, considered as 
sources of power, which is of more importance than is usually given 
it, namely: that if water is not used for power, and used efficiently, 
then that power is lostforever. It is a case of use or lose. The coal 
not mined or used still remains for the years to come, but the water 
power not used at all, or not used efficiently, is gone. ‘‘ The mill will 
never grind again with the water that is past.’’ As a matter of fact, 
there are many plants today operated by water turbines that are 
from 10 to 15 per cent lower in efficiency than they might have been, 
had the proper kind of installation and setting been definitely known 
and used. It is, therefore, the desirability of determining the proper 
setting of the turbine, and the best speed of operation under actual 
running conditions, that has created, inalarge measure, the demand 
for brake testing after installation. 

6 The importance of having a water power developed and oper- 
ated with maximum efficiency needs no argument; yet of the several 
reasons that may be mentioned, one of the most important, though 
apparently not always considered, is purely financial. In the case 
of several typical hydro-electric installations, for instance, the cost 
of power house, dam, reservoirs generators, transmission lines, etc., 
is over 90 per cent of the total, leaving less than 10 per cent for the 
wheels; but upon the performance of the wheels, depends to a large 
extent the income from the entire installation. Any increase in the 
efficiency of these wheels means a direct gain in the power output, 
and this means, or should mean, not only bigger dividends but also 
a probable saving of coal somewhere. 

7 Wheels have been tested in the last few years in several plants 
where the difference between the guaranteed efficiency which should 
have been obtained, and the actual efficiency due to poor settings, 
was enough to make the difference between a good paying investment 
and one that did not pay at all. 

8 When wheels are installed in hydro-electric stations, and appar- 
ently do not show the power and efficiency guaranteed, the question 
naturally arises, why should a brake test be thought necessary? 
This may be answered in several ways. In the author’s opinion, an 
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electrical test properly conducted should be sufficiently accurate and 
reliable in determining the output of the wheels. The reason for 
making a good many brake tests in the past has been to settle dis- 
putes between the hydraulic power and the electrical interests, rela- 
tive to the guaranteed operation of the plant. The majority of water 
wheel builders in this country are not willing to abide by the results 
of an electrical test unless the wheels show up tothe guaranteed power 
by such tests. The generator manufacturers are also unwilling to 
assume that the generators are low in efficiency, or that their testing 
apparatus is unreliable. The use of the brake for actually determin- 











hic. 1 60-IN. rouR-p1isc DYNAMOMETER; Capacity 3000 H.P. AT 200 R.PLM 


ing the horse-power-output of the wheels at the generator coupling ts 
satisfactory to all parties concerned, for the simple reason that the 
apparatus is very much less complicated and more easily understood. 
Moreover, the accuracy of the brake can be determined on the ground 
while under test, as the calibration of the machine can be made at 
that time, and there is no possible chance for a serious error. In other 
words, the brake test is the simplest, most accurate, and most direct 
method of measuring power, and is universally recognized as the 
standard. 

% In making electrical tests there are many more chances 


for errors to creep in than in makingthe brake tests. Ordinarily 











IS4 rHE TESTING WATER 
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several electrical instruments are 


calibrate d betore and aiter test 


in transit to the station 


WHEELS 


li eded 


AFTER INSTALLATION 


which should be carefully 


These are liable to become changed 
\lany times they are used under different 


eonditions of temperature ol mace tism, ol connet tion, ete., than 
when calibrated, and the total r sults ar liable to error on account 
of the number of mstruments to he read. thus bringing In errors 
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10 There is another reason To! making brake tests rather than 
electrical t it the cent time. which is purely a human ore 
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order to determine the complete 
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vith the idea of meeting this demand that the Alden 
LMomectler has be en cle veloped and built nh large S1ZeSs., 


of the dvnamometer is so familiar t} 


at only a brief 


tion will be given. It is a form of Prony brake, and usually 
- ) everal mooth circular revolvabl cast-iron dises mee 
eved to the shaft which transmits the power; a non-revolv- 
sing having its bearings uponthe hubsof the revolving dises; 
copper plates in contact with each cast-iron dise 
ntegral with the housing. Through a system of 
nder pressure is circulated through chambers between 
ting of a dise and its copper plates, and between 
\\ 
} ) 
2) | : 
Zan 
“wr )) 
= 4 
~ ‘ DYNAMO) rER SHOW ; WorKING PI CIPLES 
either end and the wall of the housing. The wate 
( - reg ited by hand o1 Hy an automatic valve Another 
) neg reuiat < oll Lol lubri ating thy surtace ot the coppe! 


the revolving dises. In the large-sized machines. oil 


a belt-driven pump mounted on the housing, enters the 


e circumference and is foreed along the radial grooves 


the hub, and completes its circuit through hose connec- 


» The pump. 


The power required to drive the pump is measured with, and 


NnOuUSInNY 


ed in, the power of the dynamometer, for the pump is bolted 


and the driving tension in the belt which operates 
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the pump tends to rotate the housing in the same manner as does the 
internal friction of the discs; this makes a calibration to determine 
power used by the oil pump unnecessary (See Fig. 3). 

13. When the dynamometer is in use, water passes through the 
chambers of the housing and between the several units of plates and 
(lises, and by its pressure tends to force the plates against the sides of 
the revolving discs. This pressure increases the friction between the 
dlises and plates, and this friction offers resistance to the rotation of 
the dises. The construction resembles that of a constantly ¢lipping 
friction disc clutch. The resistance toturning imposed by the friction 


plates and dises is balanced by the weighing apparatus. 











Fic. 4 Metruop or CoUuNTERBALANCING UNpbER Loap 


14 The power transmitted from the wheel under test tends to 
rotate the housing. This tendency is counteracted by the dead 
weights or a platform scales, and the housing is kept from rotating, 
beyond prescribed limits, by stops on either side of a lever arm bolted 
to the housing. The weighing apparatus by which the powe1 
absorbed is measured is delicately adjusted on knife-edge bearings. 
There are two sets of lever scales, which may be called the outside 
and inside scales. The outside indicates 1 h.p. for 1 lb. weight per 
100 r.p.m. The inside scale indicates 1 h.p. for 10 lb. weight per 
100 r.p.m. The outside scale serves not only to assist in balancing 
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the load—that is, to weigh it—but also to take the weight of the 
housings from the bearings on the hub of the revolving discs. (See 
Fig. 3 and Fig. 5.) 

15 It is possible to take from the bearings not only the weight of 
the dynamometer, but also the weight of the shaft. There have 
recently been made several tests on wheels developing over 2000 h.p., 
where the entire weight of the dynamometer and shaft (about 13,000 
lb. total) was counterbalanced so nicely that the nearest required 
running bearing was that of the water wheel some seven feet away 
from the dynamometer. In other words, when the load was on the 




















Fic. 5 Auxitiary Metruop or CoOUNTERWEIGHTING UNpbER LOAD 


(dynamometer, it was as if it were placed on an overhanging shaft 
about seven feet fromthe nearest bearing. This point is an interest- 
ing one in mechanics, and shows that the wheels tested in place can 
be given a fair treatment under test,in that no additional load due to 
the weight of the dynamometer is put upon the wheel bearings. 

16 To calibrate the dynamometer requires simply the deter- 
mination of the distance from the center of the shaft to the knife edge 
bearing of the lever rod, and the ratio of the overhead lever; and the 
standardization of the dead weight, if used directly, or of the platform 
scales. Besides this, it is necessary to determine the initial load on 








488 THE TESTING OF WATER WHEELS AFTER INSTALLATION 


the dynamometer due to the unbalanced effect of the piping, fittings, 
arms, stops, lever and scale pan. This should be done at the time of 


test and with the apparatus as used. The usual method employed 
(shown in Fig. 7) consists in disconnecting the shaft e upling and 
raising the dynamometer so that parallel irons can be placed unde 
the shaft; by means of a strut under the knife edge on the end of the 
lever the correct weight of the initial load is then obtained by the 
use of platform scales. 

17 The largest dynamometer built at present consists of four 
60-in. dises and has a power-absorbing capacity of 1500 h.p. at 100 
r-p-m., or about 3000 h.p. at 200 r.p.m. 























hig. 6 DYNAMOMETER RIGGED FoR TESTING 


IS) The capacity of the dynamometer is limited by the amount 
of heat that can be transmitted through the coppel plates Phis 
depends upon the range of te mperatures and the amount of the circu 
lating cooling water. The vapacity is also affected by the kind of 
lubricating oil used. A cheap grade of evlinder oil has been found 
satisfactory. A system of forced lubrication is essential to smoot! 
operation. 
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19 A series of tests has recently been made at the laboratories of 
the Worcester Polytechnic Institute to determine the relative heat- 
transinitting properties of copper sheets just as they are received from 
he rolling mill, and similar sheets electro-copper-plated. These tests 
re made with a view to increasing the capacity of the dynamometer. 
, ‘he apparatus used consisted of two double-dise Alden dynamometers 

vith the rotating cast-iron dises removed. (See Fig. 8). The dyna- 
mometers as tested consisted of an outside cast-iron casing and four 
ypper sheets, with the necessary spacing rings. The dynamom- 


rs were identiesl in every Way, except that in one the copper 


Tro-copre r-1)] ited. 























hia. 7 Meruop or CALIBRATION AFTER TESTS 


SHAT RESTING ON PARALLEL BARS, UN ALANCED AD OF DYNA 


MOMETER WEIGHED ON SCALES 


20 The dvnamometers were set up so that the spaces normally 
ipied by the revolving dises were piped to the steam main. Plugs 1 
removed from the top and bottom of these spaces so that all 
and condensed steam would be removed. Circulating water was 
ipplied at the bottom of the casings and taken out at the top, both 
circulating water and condensed steam being collected and 
veighed Thermometers were inserted in the steam line next to the 


lvnamometers and in the water supply line, also in the discharge of 
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the circulating water and of the condensed steam. Several tests 
were run on each, of five minutes’ duration. The accompanying table 
gives results of these tests. 


Electro-plated Copy 
Plain Copper Sheets CLrO- pias I 


oheets 
7 
Average temperature of entering circulating water. 44 deg. fahr. 44 deg 
Average temperature of exhaust circulating water 100 deg. fahr. 100 d ul 
B. t. u. per sq. ft. per min. per 50 deg. differ 
ence in temperature of circulating water 467 610 
Increase, In percentage ‘ ‘ 0.8 


21 ‘The results were all reduced to a common basis, namely: the 
B.t.u. transmitted through 1 sq. ft. of copper sheet per min. per 50 
deg. difference in temperature of circulating water. Thedynamometer 
containing the copper-plated sheets showed an increased heat 
transmission of more than 30 per cent over the untreated. A 
probable explanation of this phenomenon is that when the sheets 
are electro-copper-plated, the copper is deposited in small globules 
and the actual surface not only is increased but is made rougher; this 
tends to mix up the water currents, bringing more new water in 
contact with the copper. 

22 In the actual operation of these dynamometers, the heat is 
generated on a thin film of oil directly against one side of the copper 
and the water passes over the surface on the other side, carrying off 
the heat generated. It is a well known fact that more heat is trans- 
mitted through copper than can be readily carried off by the water, 
and any increase in surface in contact with the water gives a corre- 
sponding increase in capacity. As the capacity of these dynamo- 
meters depends upon the heat-transmitting power of the copper 
sheets, it is clear that this capacity can be increased 30 per cent by 
the use of electro-plated sheets. 

23 Owing to the system of continuous forced lubrication, the 
dynamometers are capable of holding their maximum load for any 
length of time. A dynamometer recently used held a load of from 
2000 to 2300 h.p. during a series of tests on a pair of turbines of ove 
eight hours’ continuous running. The reason for making so tong a 
run was that the weir for measuring the water used was situated 
in the canal above the turbines, and considerable time was required 


to allow conditions to become constant. It may be of interest to 


note that this weir was standard, with end contractions, and wa 
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73 ft. long. During the tests, when the wheel gates were wide open, 
the quantity used by the wheels required a head of 2 ft. on the crest 
of this weir. Long runs are also required when the current meter is 
used in measuring the discharge from the wheels. 

24 ‘The largest power ever absorbed at one time by these dynamo- 
meters was 4100 h.p., developed by a pair of turbines under a head 
of 110 ft. at a speed of 225 r.p.m. These turbines were used to fur- 
nish power for a paper pulp mill. There were six grinders on either 
side of the turbines, making twelve in all. The grindstones nearest 
the turbines were removed, and two dynamometers put in their places. 








Fic. 8 Layout or APPARATUS; WITH SECTION OF DYNAMOMETER 


25 The amount of work required to make such tests is compara- 
tively small, when the amount of power measured is considered. 
Two units of approximately 4000 h.p. were tested inside of three days. 

26 In pulp mills it is difficult to know how much power the wheels 
are developing. It is not always safe to base the estimate on quan- 
tity of pulp, as there are many variations in the conditions of stones, 
wood, etc. Hence quite a large percentage of brake testing of wheels 
has been done in grinder rooms. 

27 Several tests of large powers have been made in hydro-electric 
stations in which case the generators are set aside and the dynamo- 
meter mounted on the wheel shaft, usually in place of the half coup- 


ling. 
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28 To give an idea of the actual running conditions sometini 
found, a test in one plant showed that the wheels were giving 
power called for by the contract, but that if they had been run at , 
200 instead of 225 r.p.m., the power would have been increased fro 
2000 to 2300 h.p.; thus showing a waste of 300 h.p. and a correspond. 
ingly lessened efficiency. On another tesc it was found, that when , 
the wheels were running at the guaranteed speed, the power and 
efficiency were between 30 per cent and 40 per cent lower than they 
should have been. Removing the entire load only slightly mereased 
the speed. 

29 Many tests have been made which show that if the wheels ar 
given a ‘fair setting,’’ and the speed properly chosen, they will agre: 
closely with the computed ratings made from the tests at the Ho 
Oke flume. One test of a pall of wheels, made after installation 
agreed so close ly with the computed results from the Holyoke tests 
of the individual wheels, that the curves showing the relation of the 
horsepower and efficiency to the speed-gate opening of the pair came 
between the curves of the separate wheels transferred to the sam 


; 


head basis. The term ‘‘fair setting’? means that the water shoul 
be brought to the wheel with a low velocity the draft tul 

be designed especially for the particular conditions, and should 
air-tight; the wheels, if a pair, and center-discharging, should 

set too close ly together; if a pair and outward-discharging, end supp 
should be avoided if a steel penstock is used; the shaft of the whe 
should not be larger than nec ssary ; the bearings should be ke a)! 
line, ete. The setting just described refers to « pen flumes or steel 
penstocks and not to spiral casings. 

30 Incidental to the brake testing of water wheels, considerabl 
information has been obtained regarding the efficiency of large bev 
gears, such as are commonly used in transmitting power from vet 
wheels in low-head installations About a year ago, a series of le 
were made to determine: first, the horsepowet! delivered to the hori- 


zontal generator shaft from two vertical wheels; second, the hors 


+ 


power of the individual vertical wheels. By subtracting the forme: 
from the sum of the latter, the loss due to the bevel gears and bea 
ings was obtained. The tests wer conducted in the above order so 


; 
| 


as to get the ouptut at the generator coupling wit 


normally. Then the fears were re moved and the individual verti 


tests made. 
3l The total horsepower delivers ad to the generator Was approx | 


mately 700 See Fig. Vand Fig. 10). The driving gear was of the 
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ordinary wood-mortise type, outside diameter 6 ft. 5 in. Approx 
mately, with 6S teeth, 14 m. wide, meshing with a cast-iron pinion 
which had 48 teeth with a planed tooth outline At full load the 


loss in the gears was 3.5 per cent and 3.4 per cent for two separate 
units, or the efficiency of the horizontal-shait vertical-wheel gear 
drive was about 96.5 per cent. The gears were well lubricated wit! 
a thick grease. 

32 About nine months later it was necessary to test one of these 


same units in exactly the same manner. The loss in gears this t 


was a trifle less, the tests elVving 5.1 per cent As a matter of tact, 

















Kicg. 9 HorizontTaL TESTING or VERTICAL WHEBI witH Bry (JEAI 


the gears were running smoother at the last test, having had nine 
months more of service. When the first tests were made, the plant 
had been running less than a year. 

33 Besides this direct measurement of gear efficiencies, two separ- 
ate tests have been made within the past year, of two vertical Boyden 
wheels with the power measurements made on the horizontal shaft. 
These wheels had been in operation for over thirty : 
bevel gears (both the driving and the driven) were of cast iron in 


each unit. No brake tests were made on the vertical-wheel shaits Dut 
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the discharge from each was carefully measured over a standard weir 
by Mr. A. F. Sickman, hydraulic engineer for the Holyoke Wate 
Power Company. The best efficiency of the wheels at full gate, 
which in this case includes the loss of gears and bearings, was 83.5 
per cent and 83.7 per cent, respectively. 

34 Several similar tests have been made with corresponding 
evidence as to good efficiency of the gears. In one plant, containing 
seven pairs of vertical wheels, where all the mortised wooden gears and 
cast-iron pinions had been in use for over fifteen years these were still 
good, without having had even a tooth changed. 
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Fig. 10 Testing or VerticaL WHEEL (GEAR REMOVED 
35 All of the information obtained concerning the loss due to 
bevel gear drives, leads the writer to conclude that if gears are proper- 
ly designed, set up, and operated, and are not overloaded inter- 
mittently or continuously or left to care for themselves, they should 
show an efficiency of from 95 to 97 per cent. 

36 ©=Figs. 11 and 12 show two settings in which the wheels were 
tested after installation. The results of the tests, together with the 
results of the tests on the same wheels at the Holyoke testing flume, 
and reduced to a common head-basis, are givenin the curves, Figs. 13 
to 16 inclusive. 

37 The setting shown in Fig. 11 is for a pair of 36-in. wheels opera- 
ting under a head of 28 ft. at a speed of 200 r.p.m. The wheels are 
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set 3.3 diameters apart and the draft tube changes from a circular 
to an oval cross section with a constantly increasing area, and dis- 
charges horizontally into tail-race. In this particular installation, 
the velocity of the departing water from the draft tube was found 
to increase materially the working head on the wheels. The results 
of the brake tests made after installation, as shown by the accompany- 
ing curves, checked with the Holyoke tests computed for the same 
head at full gate. It may also be of interest to note that the genera- 
tor tests made immediately following also checked with the brake 
tests. The difference between the two tests as shown in the curves 
at part gate openings is probably due to different methods of setting 
the gates under test. The full gate opening, however, was exactly 
alike in both cases. 

38 In the setting shown in Fig. 12 the wheels actually give a 
considerable increase in power over that computed from the Holyoke 
tests. This is probably due to two reasons, the first and most impor- 
tant being that the Holyoke testing tlume is not designed to test 
wheels of this size; and second, that the setting is exceptionally good. 
The wheels are 48 in. in diameter and are set 4.25 diameters apart 
with ample space around the wheels in the casing and with well-propor- 
tioned center case and draft tube. The curves in Fig. 15 and Fig. 
16, representing the results of tests made on these wheels both at 
Holyoke and after installation, show that the best speed at full 
gate as computed from the Holyoke tests is about 182 r.p.m., 
and the best speed after installation 195 r.p.m. Comparison of the 
horsepowers at best speed shows an increase after installation of 
10 h.p., but if the horsepowers at 195 r.p.m. be compared, then there 
is an increase of 130 h.p. This apparently excessive increase in 
power is to a large extent due to the fact that the best speed afte: 
installation was 195 r.p.m., while from the curve of the Holyoke test 
the power at 195 r.p.m. has materially dropped off. 

39 The curves in Fig. 17 and Fig. 18 show the results of tests on 
a pair of 45-in. wheels under a head of 44 ft., with a normal speed of 
200 r.p.m. It is seen that the discharge increases with the gate open- 
ing but the power begins to drop off at 0.75 gate opening and re- 
mains contant from 0.9 to full, which accounts for the efficiency curve 
dropping off so rapidly. In this installation the wheels were set too 
closely together (less than three diameters apart) and the shaft was 
excessively large. In accordance with data obtained from our recent 
tests these wheels should have been set at least four diameters 
apart. 
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Alden Dynamometer 
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10 While the tests on the 48-in. wheels shown in Fig. 12 are the 
best example that we have of large turbines actually showing more 
powel when tested after installation than that computed from the 
Holyoke tests, It Is by no means the only instance of such results. 
Within the past five years there have been made over 100 complete 
brake tests of wheels at different plants in all of the New England 
States and most of the Eastern Atlantic States. Most of the leading 
makes of wheels have been tested in this manner, and under heads 
varying from 10 ft. to 200 ft. Information derived from this experi- 
ence confirms the following general statement: 

} | That the perlbormance ol low-he ad turbines of diameters up to 
imbout 566 in Ls ¢ omputed from the Holy oke tests, should be attained 
after installation; that turbines greater than 36 in. in diameter should 
show better results after installation than those computed from the 
Holvoke tests, the amount of difference increasing with the diametet 
of the turbin 
12) There is still a vast deal of information needed concerning the 
lavior and proper settings of wheels after installation, before the 
subject can be put upon a good working basis, and it is hoped that 
enough points have been touched upon in this paper to call forth a 


goodly amount of discussion and reliable information that n ay he of 





MECHANICAL FEATURES OF ELECTRIC DRIV- 
ING IN MACHINE SHOPS 


By Joun RippELL, Scuenecrapy, N. Y. 


Member of the Society 


It is with the mechanical features of motor driving that this paper 
is to deal, and chiefly with what has been done in the electrical equip- 
ment of the most commonly used machine tools in the plant of the 
General Electric Company, at Schenectady, with a few sketches of 
some large work that has been erected outside. 

2 Some ten or twelve years ago it was decided to erect a large and 
up-to-date electrically driven machine shop, and plans were started 
some time ahead of the completion of the building. At first the plan 
was to have every machine tool individually driven, but the time was 
so short that we abandoned this idea and concluded to arrange the 
machines in groups, driven by a motor direct-coupled to the end of a 
section of lineshaft. This arrangement was used only to take care of 
small and medium-sized machines, of which few, if any, were at that 
time equipped with individual motors. 

3 Considerable difficulty was experienced in arranging the line- 
shafts and countershafts in this system, owing to their being traversed 
by small side-bay electric cranes. Fig. 1 gives a general idea of this 
method of group-driving. However crude it may appear in the light 
of present practice, it was considered in its time thoroughly up-to-date. 

t One of the mechanical difficulties encountered in attaching indi- 
vidual motors to small machines was the unwieldy size of some of the 
earlier motors of small capacity. Sometimes the motor would be as 
large or larger than the machine and this feature was largely respon- 
sible for the prevalence of group-driving of small machines, even where 
the individual drive would have been preferred. Recent improvement 
in motor design has led to a great reduction in the size of motors for a 


given capacity, so that the 25-h.p. motor of today is not nearly so 
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Fic. 1 Meruop or Group-Drivina 


large as the 10-h.p. motor of earlier years. It is therefore much easier 
now to make the motor an integral part of the machine; and even where 


only fractional parts of a horsepower are required, for light operations 














Fig.2 LatHe DRIvEN By INDUCTION Motor CONCEALED IN CABINET LEG 
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suitable motors of very small weight are now available which are well 
adapted in size to the smallest tools. 


SMALL MACHINE TOOLS 


ov Figs. 2,3 and 4 show good examples of individual motor drives, 
in which the motors are inconspicuous and form integral parts of the 
machine tools. Fig. 2 shows a lathe driven by an induction motor con- 
cealed in the cabinet leg. Fig. 3 illustrates a wood-boring machine 
driven by an induction motor through a single pair of bevel gears. 4 
The inverted motor is bolted to a plate, which is in turn bolted to the 




















| 

{ 

l 

} 

by } Woop-BortIng MAcHINi bi $ 24-1n. RELIANCE SWING i 
Driven By INpbuUcTION MorTor Saw witH Moror 

PHROUGH SINGLE Pair Or BEVE! 

(5) l t 


bottom of a post and to the frame of the tool. \t first, the plate was 
arranged to swivel on the tool post, mn order to proy ide means for mov- 
ing the tool longitudinally over the work; but later, this adjustment 
was abandoned, as it proved to be easier to move the work horizontally 
with reference to the tool. This tool is a good example of the compact- 
ness of the electric motor, and its easy adaptability to wood-working 
machinery . Fig. 4 shows the application of a direct-current motor to 
a 24-in. swing saw. 
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LARGE MACHINE TOOLS 


6 The large lathes, vertical boring mills, planers, milling machines, 
etc., were supplied each with its own individual motor, which was a 
marked improvement over the original belt-and-countershaft methods 
of driving. Since starting this work, the company has changed over 
several thousand machine tools to motor drives. Most of the diffi- 
culties in changing from belt to motor driving were in making suitable 

















hig. 5 42-1In. Mites-Bement Larne Driven By ConsTANtT-SPEED Moron’ 
UsinG CONES AND BELTS 


connections between the motor and the tool to be driven. We do not 
pretend that in every case we have adopted the best arrangement, as in 
many cases the machine tool is not of sufficient value to warrant an 
expensive mechanical connection. 
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7 Take, for example, a medium-sized lathe of relatively moderate 
value. If an expensive transmission device was required in order to 
apply a motor to the lathe, the total cost of the lathe, as changed, 
might easily be more than the price of a new lathe especially designed 
for motor driving. In such cases it is found expedient to erect the 
countershaft and cone about four feet above the headstock, on suitable 
brackets, fasten the motor in a convenient place on the machine, and 
continue the use of cones and belts. Such an arrangement is shown in 
Fig. 5. 
8 In all cases where old machine tools are converted to electric 


driving, it is desirable to mount the motor on some part of the machin 

















Fie. 6 24-1n. Fircupure Larue Driven py Moror, with REVERSING GEARS 


if possible, rather than on the floor near the machine. In the former 
case, the machine tool constitutes an independent self-contained unit 
which can be moved by the crane as a whole and located wherever 
desired. Cleanliness is promoted, by leaving a clear floor space to 
sweep, and the motor is less liable to accumulations of dirt caused by 
sweeping. There is also a tendency for the motor and the machine 
tool to become shifted out of alignment, if they are separately mounted 
on the floor. 
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9 For lathes of more importance, and where the value of the tool 
warrants, we make an all-gear drive, with reversing gears, which are 
used principally for screw cutting. Fig. 6 shows a lathe equipped with 


reversing vea;rs. Nore rece ntly we have produced motors which can 


be very quickly reversed, obviating the necessity of reversing-gears. 

10 When the original change was made from belt to motor drive 
there was one particular triple-geared lathe, 72-in. swing, to which we 
applied a tWwo-to-one variable Spee | moto! The OhHIV Change neces- 
sary in this case was to substitute two gears for the lathe cone, mount- 


ed ona quill and made to engage with a pair of rocking gears on thi 


motor, This gave a speed variation of four to one at the moto and 


with the triple rears ol the lathe, we had an exces lingly fire speed 











range. This lathe is shown in the foreground of Fig. 7. The motor is 
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hig. S) Diacram or Device TO OBVIATE CHATYER MARKS 07 NIsHED Wort 
placed in a most advantageous position, in the headstock unde 
neath the spindle. During about ten years’ service it has never been 
removed. 
11 Inashafting department like that of the General Eleetric Com- 
pany, where the range of size does not vary over three or four inches on 
the standard work, no very great speed ‘hanges are necessary, and a 
two-to-one motor usually has range enough to meet all requirements 
What is particularly needed is ample power, strength of parts, and sim- 
plicity of construction, especially in lathes used for roughing, which are 
usually handled by unskilled labor. 
12. For finishing shafts, however, where greater accuracy is re 


quired, an all-gear drive with steel gears is not satisfactory, because the 


chattering set up hy the action of the gear teeth is ve ry apt to he trans- 
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mitted to the finished work, leaving parallel ridges. This difficulty 
was overcome in some special lathes which we had built for the pur- 
pose, in which the driving gear on the main spindle was left loose and 
acted on the driving plate, keyed to the spindle, through four rubber 
buffers. This device is shown in Fig. 8. 

13. More recently, trouble from this same cause was experienced 
in one of our tool departments, and was corrected by the use of a pin- 
ion made of muslin. This pinion has several features which specially 
adapt it to motor-driven machine tools. It is practically noiseless and 














Fic.9 Evo.LuTion or APPLICATION OF Morors TO PLANERS 


LINESHAFT DISCARDED COUNTERSHAFT DRIVEN FROM MOTOR ON FLOOR 


very durable, does not shrink, and is sufficiently flexible and elastic to 
absorb vibrations which might be transmitted to the finished work. 

14 Another application to motor driving in connection with lathes, 
and one that has been much appreciated, is the use of an auxiliary 
motor to operate lathe carriages having a long travel, of about 35 ft. 
The motor is bolted to one side of the carriage, and carries a pinion 
which meshes with the hand-wheel gear. A two-way switch is pro- 
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vided for operating the motor in either direction. The use of a motor 
not only saves the operator a difficult task, but it has also proved a 
great economy of time. It formerly required 30 to 35 minutes to shift 
the carriage through its full travel, and the hand wheels were placed 
so low that a man had to stoop to use them. The motor will move 
the carriage from one end of the lathe to the other in a minute and a 
half, and it can be stopped at any point within a 1/16 in. of the cut. 

15 The best location for a motor on a lathe, and on most machine 
tools, is as low down on the machine as possible. The amplitude of 
the vibrations set up will be smaller, the closer the motor is to the 
floor, and the liability of chattering will therefore be reduced. The 
location of the motor in the cabinet leg, or in the headstock of a lathe, 
as shown in Fig. 2 and Fig. 7, is ideal, but there are, of course, many 
cases where the motor must be mounted over the headstock because 
no other place is available. The necessity of having the motor out of 
the way of the work is obvious, as turnings of chips, if allowed to get 
into the motor, would at once give rise to electrical troubles, especially 
in direct-current machines. 


CONTROLLERS 


16 The location and arrangement of controllers for lathes depend 
upon the class of work to be performed. Where the lathe is started, 
stopped, and varied in speed by the controller, the latter should be 
mounted on the front of the lathe, and the handle extended by means 
of a shaft to the lathe carriage, where it will be constantly under the 
hand of the operator. Ease of control unquestionably results in the 
rapid and economical production of work. Where the work varies 
considerably in diameter, frequent changes of speed will be required, 
and where the most efficient cutting speed can be obtained by simply 
turning a conveniently located handle, the work will be turned out at a 
maximum speed. If frequent shifting of belts is required, a great 
deal of the work will be done at less than maximum speed, owing 
to the extra exertion involved. 

17 For lathes with constant-speed motors, operated with clutches 
and shifting levers, or machines on which continuous automatic opera- 
tions are carried on, such as screw machines, the motor can be kept 
running for long periods without attention from theoperator. Insuch 
cases the controller may be mounted at any convenient place on the 
machine, or near by on the floor, by means of a bracket. 
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PLANERS 


18 Figs. 9, 10 and 11 illustrate the evolution of the application of 
motors to driving planers at the Schenectady shops. The first step, 
as shown in Fig. 9, was simply to discard the lineshaft and drive the 
countershaft from a motor placed on the floor. When this planer 
was operated by belts it was next to impossible to reverse it in a 
shorter space than about thirty inches, and even then with a great deal 
of wear and tear on the belts. Early in 1900 the company produced 
their first magnetic clutches for driving planers. The first of these 
clutches was applied to a Bement-Miles planer, 10 ft. wide by 20 ft. 
long. With this clutch, Fig. 10, we are able to reverse the planer prac- 




















hig. 10) EvoLerion or APPLICATION OF Movrors TO PLANERS 


NETI UTCH 


tically to a line, and to reduce the space required for reversing to about 


12 inches. Some trouble was experienced, however, with these first 


magnetic clutches, owing to the design of the magnets, and pneumatic 


clutches of a peculiar design were subsequently adopted and have been 
entirely satisfactory. Fig. 11 shows the arrangement of the motor and 
pneumatic clutch, as applied to the planer. 


19 Our second lot of magnetic clutches was redesigned to ¢climinate 
the difficulties experienced with the first lot, and the new ones were 


applied to a number of portable slotters. These machines have been 
in continuous operation practically night and day up to the present 
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time. The clutches have operated with entire success, and I believe 
the magnetic clutch will eventually be found an important and effi- 
cient feature of transmission gears for planers and slotters. 


VERTICAL BORING MILLS 


20 In our original scheme for attaching motors direct to boring 
mills, an all-gear drive, with variable-speed motors, was selected, and 
with very slight changes, has been employed up to the present time. 
Fig. 12 shows a number of boring mills equipped in this way ; the motors 




















Fic. 11 EvoLurion or AppLicaTION or Morors To PLANERS 


COMPRESSED-AIR CLUTCH, TWO CONES 


not being visible in the illustration because they are placed below the 
floor level between the side frames back of the revolving table. <A 
solid foundation is laid, extending under the entire machine, a depres- 
sion in the back between the side frames forming a bed for the motor, 
which is securely fixed in position. This common foundation makes 
the motor and the machine a single compact unit, and no additional 
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floor space is required for the motor. No work put upon the table can 
interfere with the motor, the gears are entirely out of sight, and the con- 
troller is placed at the right-hand side of the machine, where the 
operator usually stands. 

21 On boring mills from 20 ft. to 25 ft. in diameter, with the usual 
slow intermediate and direct-gear drive that comes with the mill, a 
variable-speed motor of two-to-one ratio gives a very satisfactory 


speed range. 
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hig. 18) ApphicaTion or Moror To Macuine Toots ON IRON Fioor PLATE 


PORTABLE TOOLS 

22 Various machine tools of the portable type are used in ordi- 
nary large machine shops, and are placed in various positions on iron 
oor plates. The efficiency of these machines, such as rotary plan- 
ers, slotters, ete., used in erecting departments, has been greatly 
increased by the use of electric motors. <A group of these tools work- 
ing on a large casting is shown in Fig. 13. The use of portable tools 
was almost impossible before the advent of the electric motor, but 
now the machine tools used in erecting shops, and in isolated places 
away from the source of power, when equipped with electric’ motors 
are ready to run at a moment’s notice. On up-to-date rotary planers 
the motor is placed on the carriage; the under-side of the bases is 
planed, and means are provided for transfering the planers by elec- 
trie cranes. 
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23 Under theold arrangement, if machinery stood idle for days and 
weeks, the countershafts and loose pulleys were so neglected that 
they would squeak; some one would then throw off the belts to stop 
the noise, and two hours’ work was frequently necessary before they 
could be started for a hurried job. The same thing is true of some 
boiler makers’ and blacksmiths’ machines, such as rolls, shears, cut- 
ting-off machines, ete 


BELTING 


24 ‘Twenty five or thirty years ago, in the days of the old jobbing 
shop, the buildings were not so high-studded, and the lineshafts and 
countershafts were usually within reach of a twelve-foot or fifteen- 
foot ladder at the most. Cone belts running to machine tools were 
very easily manipulated, and an expert lathe hand would never think 
of using a pole for shifting his belt from one step of the cone to another 

Sut in these days of sanitary buildings, with ceilings from twenty to 
twenty-five feet high, it becomes an exceedingly difficult problem to 
arrange countershafts within reasonable heights; to Say nothing of 
the necessary length of the vertical belts, the dust set in motion, and 
the difficulty of painting and whitewashing ceilings for the sake of 
cleanliness 

25 Another condition of lineshaft driving which has not been 
much spoke n of, of late, is the difficulty of kee] ing the shaft in align- 
ment, where the hangers are suspended from the roof trusses. The 
writer has seen such shafts five or six inches out of alignment, due to 
a heavy fall of snow on the roof, or to the settling of foundations 
Another trouble is due to state laws and shop rulings, where a few 
trained men are employed as belt-lacers, and it is against the rules 
for men who are not belt-lacers to do the work. T| 
of numerous delays, with consequent loss of production. 

26 The only advantages that may be claimed for belts is that they 
take up the vibration of the gears, and thus prevent chatter marks on 
fine work; and that they will slip under over-load and be thrown off the 
pulley, stalling the machine, instead of breaking the tool or spoiling 
the work. It has already been explained how the effect of vibration 
has been remedied by means of rubber buffers or muslin pinions, and 
there are exceedingly few cases where belt-slip is not a detriment 
rather than an advantage. The use of high-speed tools calls for a 
considerable increase in the power necessary to drive the machines, 


as these tools take a heavier cut at a higher speed than those of car- 
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bon steel. These conditions make belt-slip very objectionable, and 
one of the chief advantages of motor driving is that it increases the 
power of machine tools beyond the capacity of belts of reasonable 
length. Modern practice is in the direction of eliminating the belt 
almost entirely, although there are a few machine tools, such as the 
older types of automatic-screw machines, grinding machines and some 
wood-working machines, on which they are necessarily retained. 

27 The great majority of metal-working machines are best adapted 
to motor driving through ail-gear connections, although a few ma- 
chines, such as small grinders, buffing wheels, polishing wheels, etc., 
are best connected direct to the motor shaft. 























Fic. 14 6000-H.P. InpucTION Motor, Ratt Miuu, INDIANA STEEL COMPANY 
Gary, IND. 


STEEL MILL WORK 
28 The application of motors to metal-forming machines, such 
as rolls for rolling steel, charging cranes, etc., does not belong strictly 
to machine-shop practice, but the work of these machines is closely 
allied to what is required of other metal-working machines. Some 
of this work now performed by motors, is the heaviest kind of me- 
chanical work ever attempted by any kind of prime mover. Fig. 14 
shows a large induction motor driving an up-to-date steel rail mill, 
requiring 6000 h.p. or more. The operation of an entire mill is fre- 
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quently dependent on the continuity of operation of each piece of 
apparatus. For this reason it has been the practice to build the 
steam engines which drive mill machinery of the most substantial 
material and design. In replacing engines by electric motors, thes 
same features were embodied in the motors. 


29 The breakable coupling between the engine and the rolls 


retained when motors are used. This coupling is of such strength that 
it breaks before the rolls are injured by shocks. The coupling fr 
quently breaks diagonally, and a very heavy end-thrust 1 meetin 


i 

















MiG. 15 CHARGING CRANE, BLOOMING MILL, ILLINOIS STEEL ¢ 


CHicaco, Int 


produced, tending to separate the ends of the coupling. With the 
engine drive, this end-thrust frequently slides the roll housing 


gs out 
of their places, and considerable time is required to replace them 


When motors are used, this difficulty is readily avoided by allowing 


the shaft of the motor to slide longitudinally in its bearings. To 


keep the motor shaft in its proper position, a breakable end-thrust 
bearing has been devised, which allows a bolt to break at 
determined pressure before any other part of the machinery can be in 


jured. This breakable bearing is shown in Fig. 14. It acts through 


the breakage of the long bolts shown alongside of the bearing housing 
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The ready replacement of the parts when the coupling breaks is only 
one of the advantages incidental to the use of the motor for driving 
rolls. 

30 Another style of motor, known as the mill motor, is illustrated 
in Fig. 15 and Fig. 16. It is used on slab-charging cranes, screw- 
downs, mill tables, ete., where it is subject to very rough handling, 
intense heat, severe over-loads, dirty surroundings, and other unfavor- 
able conditions. All portions of these motors, such as the frame, shaft 
and bearings, are built unusually heavy to withstand safely the shocks 
to which they are subject. 

31 There are thousands of other motor applications, which the 
writer will not attempt to describe. In the very complete paper by 
Mr. DeLeeuw, The Economy of the Electric Drive in the Machine 


Shop, are enumerated some of the important points in regard to apply- 

















ing motors to machine tools. The writer has, therefore, endeavored 
to confine himself to a consideration of these mechanical features not 
aalre acy COVE red. 

32 At the Schenectady plant alone we have running some 8500 
machine tools, of which 8150 are individually motor-driven. Group- 
driving has been adopted for some sensitive drills, speed lathes, and 
other small miscellaneous machines. Of the above tools there are 48 


7 


portable machines, consisting of slotters, milling and drilling machines, 
radial drills, ete. These machines are operated on 32,675 sq. ft. of 
ron floor plate, in addition to which there are 7000 sq. ft. of iron rails. 


cemented into the floor, for erecting purposes. 
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33 Had we continued our extensions since 1899, using lineshafts, 
countershafts and belting, we would have approximately 34,570 ft. 
of lineshaft, or about 64 miles, and about 4} miles of countershaft 
which would require about 21,225 hangers and bearings. Allowing 
two belts to each machine, with an average length of 25 ft. per belt, 
we would have for the 8500 machines a total of 425,000 ft. of belting. 
equal to about 804 miles. 








DISCUSSION 
AN ELECTRIC GAS METER 
By Pror. Cart C. Tuomas, PuBLISHED IN THE JOURNAL FOR DeceMBER 1909 
ABSTRACT OF PAPER 


This paper describes a meter for measuring the rate of flow of gas or air 
which can be adapted for use as asteam meter or as a steam calorimeter, taking 
the quality of all the steam passing through a pipe instead of that of a sample of 
steam. The operation of the gas meter depends upon the principle of adding 
electrically a known quantity of heat to the gas and determining the rate of 
flow by the rise in temperature of the gas (about 5 deg. Fahr.) between inlet and 
outlet. The meter consists of an electric heater formed of suitable resistance- 
material disposed across the gas passage so as to impart heat at a uniform rate 
to the gas. The resulting rise of temperature is measured and autographically 
recorded by means of two electrical-resistance thermometers, one on each side 
of the heater. These consist of resistance-wire wound upon metal tubes so 
placed that all the gas passing through the meter comes in close proximity to 
the thermometers. The adoption of this principle of operation permits the con- 
struction of a very accurate and sensitive autographic meter of large capacity 
containing no moving parts in the gas passage; it is independent of fluctua- 
tions in pressure and temperature of the gas and capable of measuring gas 
or air at either high or low pressures or temperatures. The electrical energy 
required is about 1 kw. per 50,000 cu. ft. hourly capacity, at the pressures 
ordinarily used in gas mains. 


DISCUSSION 


Pror. L. 8S. Marks. The meter described by Professor Thomas 
should prove a valuable addition to the instruments used in gas 
engine and other testing. The possibilities of error in the indications 
of such an instrument must be fully examined. 

2 This meter is fundamentally an instrument for determining the 
weight of gas or vapor flowing through it and is made to record vol- 
umes. It is obvious that these volumes cannot be those actually 
flowing but must be the volumes reduced to some standard conditions 
of temperature and pressure. The author has not mentioned this 
matter in his paper, but it is of considerable importance. A variation 
of 5 deg. fahr. in temperature, or of 0.3 lb. in pressure, under ordinary 
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atmospheric conditions, would result in an error of 1 per cent in th 
indications of the instrument if it were assumed to record actual vo 

umes flowing. The calibration of the instrument by passing through 
it a known volume of a gas at known pressure and temperature, can 
easily be reduced to a calibration under standard pressure and tem 

perature conditions. 

3 In Par. 16 the author refers to the effect of water vapor car 
ried in with the gas. He states that, in consequence of the small ris 
of temperature, the water vapor does not experience a change of 
state, and that, consequently, the latent heat of vaporization does 
not enter into consideration. It is obvious that he is considering her 


the case of a gas which not only is saturated with water vapor, but 
also is bringing with it minute particles of water in suspension. Unde 
these conditions—and they are conditions which may easily obtain 
with blast-furnace gas which has just passed through the washers 
the indications of the instrument will be rendered completely usel 

4 lf the gas should enter at a temperature of 70 deg. fah 
would contain 0.001148 Ib. of water vapor. After passing L 


the meter with a rise of temperature of 5 deg. the same we 
could contain 0.001198 lb. of vapor; that is, there would occur 
zation of 0.00005 lb. of moisture for every cubic foot 
through the meter. The latent heat of vaporization at tl 
peratures is about 1050 B.t.u., or, 0.0525 B.t.u. will be used 
verting the water into vapor. As the total heat required for raisin 


one cubie foot of the gas 5 deg fahr. is only about 0.1 B.t 


have here, obviously, thi possi] lity Ot an error of f p) 
of 20 or 25 per cent in the indications of the strument Chie 
case suggested by the author where the gas is supersaturated wit! 
vapor. 

5 The accuracy of the instrument depends primarily on the aceur 


acy with which the volumetric specific heat of the gas can be deter 


mined, and upon the constancy of this quantity while the meter is in 


operation. For the correct determination of the volumetric specific 
heat it is necessary to know the volumetric composition of the gas 
and the volumetric specific heat of each of the constituent The 
author has stated that the volumetric specific heat of each kind of g 


is very nearly constant and the calibration of the instrument is based 
upon that assumption; that is, it is proposed to calibrate the instru 
ment with, for example, producer gas, and then to use that calibration 
when the instrument is used at other times with producer gas. U 
will be interesting to examine how nearly correct t! issumpt 
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is. In the December number of The Journal of the Society there 
are given four analyses of producer gas, three of them by Mr. Bibbins, 
and one by Messrs. Garland and Kratz. 1 have worked out the volu- 
metric specific heats of these gases, using the physical constants given 
by the author, and U have also taken at random two analyses from 
tests which | have made on a large anthracite gas producer. The 
results of the calculations are as follows: 

6 For the two lignites in Mr. Bibbins’ paper, the values of the 
specific heats are 0.01920 and 0.01899, which agree very closely with 
the average stated by the author. For the bituminous coal in Mr. 
Bibbins’ paper, the value is 0.01899, and for the bituminous coal in 
the paper of Messrs. Garland and Kratz, the value is 0.0186. My 
own tests with anthracite give values 0.01826 and 0.01848, respec- 
tiv ely j 

7 It is quite evident from these figures that there is considerable 
variation, which may be as great as 5 per cent in the volumetric specific 
leas 


at of producer gas. It may possibly be, as these figures seem to 


indicate, that the specific heat can be stated with greater accuracy 


if the type of coal is also specified, since there seems to be a relation 
between the volatile contents of the coal and the specific heat of the 
producer gas; but this point has not been sufficiently investigated to 
permit of any definite conclusions. 

S Ihave attempted also to see whether the value given for illumin- 
ating gas is constant. Only one illuminating gas was considered— 
that in Cambridge, Mass.—the analysis having been made by the 
chemist of the gas company. The specific heat calculated from this 
analysis is 0.02278. The specific heat calculated by the author is 
0.02111. The value which he states as being practically constant 
for illuminating gas is 0.020. There is a variation of over 10 per cent 
between these values, so it would seem that it is not practicable to 
calibrate this instrument with illuminating gas at one place and assume 
it to be accurate when used with illuminating gas at some other place. 

9 Moreover it must be recognized that such analysis as that given 
by the author for illuminating gas is only approximate; the heavy 
hydrocarbons are never fully analyzed and some kind of guess must 
be made as to their composition and specific heats. It cannot even be 
accepted as true that a calibration made with any particular illumin- 
ating gas will hold at some later date for gas from the same source. 
| have found variation in the composition of the Cambridge gas which 
would certainly cause a variation of two or three per cent in its 
specific heat. 
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10 It appears to me then, that this instrument cannot be accepted 
for accurate measurement unless analyses are being made of the gas 
that is going through the meter. In scientific testing, such analyses 
will naturally be undertaken and consequently the instrument should 
be extremely valuable in such cases. I would like to know what experi- 
ence the author has had with this instrument in the measurement 
of volumes when the flow is variable as, for instance, when gas is 
flowing through a single-acting, four-cycle gas engine. In this case 
the flow will occur approximately for only one-fourth of the whole time 
of the test. The author’s contention that the indication of the instru- 
ment would be accurate under these circumstances seems reasonable, 
but it would be valuable to know whether, and to what extent, his 
statement has been verified by actual investigation. 


Pror. W. D. Ennis. I do not quite follow Professor Thomas 
explanation that the proper correction has been made for fluctuations 
in the pressure of the gas. A change of, say, five per cent in the pres- 
sure, measured above the zero of pressure, would correspond roughly 
with a change of five per cent in the absolute temperature, without 
any addition whatever of heat. A change of five per cent in absolute 
temperature would mean a very large change in Fahrenheit tempera- 
ture. 

2 Amore important point is suggested by the statement in Par. 4: 
“These thermometers consist of wire wound upon vertical tubes so dis- 
posed as to come in contact with all the gas passing through the meter, 
thereby indicating the average temperature over the cross section of 
the gas passage.”’ If that is what the thermometers do, I question 
whether they indicate the average temperature of the gas, because 
more gas is passing at a point in the middle of the pipe than at points 
near the circumference. Do the thermometers indicate the average 
temperature of the whole weight of gas, which is the temperature that 
we must have in order to calculate the weight of gas flowing? 


Epwin D. Dreyrus. Certain fuel gases—particularly blast-fur- 
nace, coke-oven and producer gas—carry with them a considerable 
quantity of finely divided solid matter, which in turn forms deposits 
in the piping or in any piece of apparatus through which the gas 
passes. 


2 


From their construction, it would seem that the grids in the 
meter would favor the formation of deposits of this sort, and I would 
like to ask whether Professor Thomas has made any trials to deter- 
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mine what effect, if any, such deposits have on the accuracy and gen- 
eral reliability of the instrument. 

3 In cases where the gas is carried long distances through over- 
head mains—as in many blast-furnace plants—the temperature of the 
gas will be largely influenced by the temperature of the atmosphere, as 
between the summer and winter months the gas temperatures might 
easily vary as much as 50 deg., and the variation in t mperature 
would have a decided effect on the moisture content. It seems prob- 
able that the moisture content of the gas is the most disturbing fac- 
tor affecting the accuracy of the instrument. If this be so, then it is 
desirable that the actual significance of this factor should be deter- 
mined by trials made over as wide a range of conditions as we may 


reasonably expect to meet in ordinary everyday practice 


A. R. DopGr. I would like to ask Professor Thomas if he has 
made caleulations in regard to the amount of power necessary to oper- 
ate this meter when used as a steam meter. The specific heat of steam 
being greater than that of gas and air, the amount of power required 
is considerable. For instance, Thomas meters on the large turbines of 


the New York Edison Co. would require about 545 kw. at normal 


load, quite a percentage of the total output of the turbine 


THe Autuor. Bearing upon the questions asked in the discussion 
I would say, that in addition to the deseription of the meter given 
in the paper, I have given in Fig. 10 completed curves! showing the 
results obtained in calibrating the meter with both illuminating gas 


and air, reduced to standard conditions of 29.9 in. me reury and 62 


deg. fahr. These curves show the method of using the meter for 


measuring directly standard cubic feet of gas or air at some convenient 


assumed conditions of pressure and temperature. In Par. 14, lin 
7 should read “. . . . at mean atmospheric pressure and 60 
deg. fahr. . . .” The calculations in the table are for condi- 


tions of 760 mm. and 0 deg. cent. The results of measurement by the 
method described in the paper may be considered as given either in 
standard cubic feet, or in weight of gas passing the meter. 

2 These meters are essentially applicable to the measurement 
of a dry gas or steam, that is, a gas or steam which is either saturated 
or superheated. Our experience with the gas meters has thus fat 
been with illuminating gas and with air, and these are exceedingly 


easy of measurement. The gas or air we are measuring is saturated, 


Addition to paper, published in The Journal for January, 1910 
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carrying its full quota of water vapor. The smallest quantity of 
heat introduced causes an immediate rise in temperature of the gas. 


If the gas carried a spray or mist of water, the measurement would 


be in error to a certain extent, because of the difference in specific 
heat between the water vapor and the gas. The extent of the error 


would depend upon the percentage of water vapor present. 
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3 For gas or air under the conditions existing during the tests, 
of approximately 60 deg. fahr. and 29.8 in. mercury, and 6 in. water 


pressure, the correction for water vapor introduces a change in the 


results of less than 4 of 1 per cent, and has therefore been omitted. 
For other pressures and temperatures the correction for water vapor 


can be easily made by reference to the charts commonly used in 
gas works. 
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4 An interesting confirmation of the statement in Par. 16 is that 
the most minute addition of electrical energy to the gas or air causes 
an immediate rise of temperature. 

5 Regarding variation of specific heat, the meter prover shown in 
Fig. 1, herewith, has been developed. It consists of a small electric 
heater which is placed in the outlet of the meter and discharges into 
a portable gas-holder such as is used for proving large meters. By 
this means a small known quantity of the gas is heated, and the spe- 
cific heat actually determined by direct measurement. This deter- 
mination can be made as often as desired until the variation of spe- 
cific heat and satisfactory average values have been determined. So 
far it appears that the specific heat in a given installation is practi- 
cally constant from day to day and from one time of day to another. 
The fact that it is possible thus to determine the specific heat experi- 
mentally affords a most valuable check upon the specific heat deter- 
mined by calculation from chemical analysis, since the methods used 
in the latter are at best largely approximations. 

6 As to dust and impurities collecting on the heater: A meter 
now in operation for some months has been used for measuring in the 
neighborhood of 100,000 cu. ft. per hr. of illuminating gas. The 
heater has been taken out once, and in handling it a small amount of 
grease was found on the heater material. Otherwise the interior 
of the meter was clean. In handling very impure gas it will of course 
be necessary to clean out the meter occasionally, simply in order to 
provide sufficient area for the passage of the required amount of gas. 
\ll the heat generated in the heater necessarily goes into the gas 
The operation of heating and measuring difference of temperature is 
all accomplished in a very short length of travel of the vas This 
perhaps answers the question regarding the heat-insulating effect of 
deposits which may be formed onthe heater. The rise of temperature 
of the material of the heater is only 15 or 20 deg. fahr. This tem- 
perature rise might be effected by a considerable deposit on the heater, 
but the heat generated must necessarily be liberated from the heater 
and given up to the gas, resulting in no error in gas measurement 

7 Asto variable flow, the best evidence is presented by the curves 
and caleulations on the chart. The entire regularity of operation, 
during experiments conducted under circumstances very favorable 
to accuracy of observation seem to show that no error is introduced 
by non-uniformity of flow. If such a cause of error existed, it seems 
probable that it would have been found during experiments such as 


have been made with this meter, covering the wide range of from 
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6000 cu. ft. to about 127,500 cu. ft. per hr. The meter is now being 
built so that the gas passes in a vertical direction through the heater 
and thermometers, and this would seem to favor regularity of dis- 
tribution over the cross section of the passage. The change from 
horizontal to vertical position was however dictated by convenience 
of attachment and in order to obtain accessibility, although it seems 
favorable to the above-mentioned consideration. 

8 During the air tests extensive fluctuations of pressure took place, 
due to the pulsations of the blower supplying the air. These were 
so great at times as to cause the water to be thrown completely out 
of the pressure gages, but the results obtained remained entirely 
regular, as shown on the chart. A small meter has been used on a 
single-acting three-cylinder four-cycle gas engine delivering from 30 
h.p. to 60 h.p. The meter was constructed of sheet iron, and although 
the pressure fluctuations were such that the sides of the heater 
“panted” continuously the measurement of gas was accurately 
accomplished. 

9 Answering Mr. Dodge’s question regarding the amount of 
energy required to measure steam with these meters, we are using 5 
deg. fahr. temperature difference, which can be measured to an accur- 
acy of 1 per cent and the energy required is 1 kw. per 1000 lb. of 
steam perhr. ‘Taking a water rate of 12 lb. per h.p.-hr., 1 kw. would 
measure the steam used for about 80 h.p. 

10 Stated generally this meter seems to be particularly suitable 
for the measurement of dry saturated o1 superheated gas, alr or steam. 
The substance to be measured should be dry, but it may be of any 
pressure and temperature which the materials of construction will 
stand, and the measurement is ind pena nt of fluctuations of pres- 
sure and temperature. The recording mechanism can be placed In 
any convenien position, as, for instance, In an office, instead of near 
the meter, and the graphical record is thus continually observable. 
It is not nece ssary that a graphical record should be taken. An ordi- 
nary integrating wattmeter showing the amount of energy it has re- 
quired, to maintain the constant temperature difference of 5 deg 
between inlet and outlet of the meter, suffices as a record of rate of 


How, though the variation is best shown by an autographie record 
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GOVERNING ROLLING MILL ENGINES 


By W. P. Caine, PUBLISHED IN THE JOURNAL FoR M N 
ABSTRACT OF PAPER 


The paper describes first the typ 


them; analyzes the distribution of po 
engines, calling attention to cause 
ind the danger of broken flywheels: deseribs nd g 


’ - ’ 
speed curves of a Corliss engine drivil 


conditions of governing, (a) und t! 
under a limited range Inerea ng the ¢ 
much more smoothly and saf« It also 
results shown A table is given showing the 
mill and the momentary source of the energy, whet 
flywheel. A diagram shows this graphically \ 
the tachometer used to take the speed 


DISCUSSION 


Henry ©. Orv. The conservation of em plied to rolling 
mills has received very little attention until during the past five or 
six years. ‘The power required to roll a given piece was not know: 
until the continuous indieator and recording tach ter were appli 
The cards from these instruments furnished records from wl thre 
conditions for any stage of the operation could be « ted, g 
complete information as to the variation 


different conditions and classes of work 


2 Rolling mill engineers have several reasons for preferring thi 
two-high mill. As Mr. Caine says The engine us 


when the piece is on the mill As tl 


tween pieces in some classes of work, this is an important iten 
Should a piece not enter properly and stick in the rol thu Laliing 
the engine, it is easy to reverse and back out the pi his con 


dition with a three-high mill would cause cor erable trouble and 
delay. This is the reason why some Of thi moder] | ee-high clece 


tric-motor-driven rolls are fitted with an emergency reversing dle- 
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vice. The reversing feature can also be used as a quick safety-stop 
in case of aecident. 

3 The two-high mills are not so complicated as the three-high 
mills, and they have less rolls and no reversing mechanism for rais- 


| werlng the table. In considering the two systems, this is 


ing ale 
an item of power that should be charged to the three-high mei 
However, power is not the only consideration; it is usually a que stion 
of the maximum tonnage in minimum time with the least amount of 
power. 

t The 25,000 h.p. engine Mr. Caine refers to is a 42 in. and 70 in 
by 54 in. twin tandem horizontal compound-condensing blooming-mill 
engine, designed by the writer about four years ago, and buil 
Allis-Chalmers Company for a blooming mill requiring an average of 
about 6000 h.p., whichis also about the economical load for the engine 


It was designed for a maximum of 25,000 h.p. under the following con- 


ditions: steam pressure, 150 lb. gage; cut-off, ? stroke; vacuum 25 
in. referred to 30 in. barometer; r.p.m. 200. This machine has been 
deseribed as ‘the world’s most powerful engine.’ ’ | DeCleve Ln 


piston speed, 1800 ft. per min., is the world’s record 
5 If the engine Mr. Caine has experimented on was tested unde 
the same conditions as regards pressure and worl with and without 
the function of the adjusting screw, we would expect different re- 
sults than those shown. The controlling cle Vit ke has ho control ove! 
the engine before the load is increased, until the speed falls to that 
fixed by the adjusting screw. At this speed and power the engin 
will be doing the maximum work allowed by the adjusting screw 
consequently this control can be applied only to engines that have a 
longer-range cut-off than is required for the greatest loads they hav: 
to carry. After the above conditions are studied, it will be evident 
that to prevent the engine’s being stalled before reaching the latest 
cut-off for which it was designed, we would have to dispense wit] 
the services of the adjusting screw 
6 Irom a study of the speed curves in Fig issuming that the 
height of the governor varies approximately as the speed of the engine, 


it will be seen that had the adjusting screw been applied and adjusted 


for the maximum load or minimum sneed. it would be in momentary 





control during the second pass. and from the speed curves given in 
Kio. 3, it Is seen that it was in action for about the sams leneth of 
time during the third pass \s it would take considerable time for 
sufficient change in the energy of the flywheel to produce the result 


claimed, we believe there are other reasons for the improved condi 
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tions shown. When the adjusting screw is in control, the engine 
will slow down much more quickly than without it, and the engine 
would be stalled by a lighter load; it would also take more time to do 
a given amount of work. 

7 As engineers prefer to have engines with some power in reserve 
to take care of the abnormal load, I believe they would hesitate 
before using any method of control that eliminates the reserve power 
of the motor to which it is applied. 

8 From a study of the Indiana Steel Company’s plant at Gary 
Ind., it is evident that conservation of energy as upplied to steel 
plants has received considerable study. The rolls are driven by 


motors, current being supplied by gas-engine generators 


JAMES Tribe. In Par. 5, Mr. Caine refers to a certain engine cay 
ible of developmg 25,000 h.p. while the average load does not ex 
ceed one-seventh OF Its Maxum Capacity I do not know what engine 
he reters to, but a blooming niulll engine ol INUSUaALY large CIMenslons 
and answering somewhat to the description given, was built by the 


Allis-Chalmers Company and installed less than two years ago at th 
( irnegie Steel ( OMpany : South Sharon piant This Was a revers- 
ing engine for rolling 28 in. by 28 in. ingots on a two-high mill 
The maximum power, or rather, the maximum possibility, of this 
engine, was likewise 25,000 h.p., which was also far in excess of its 
average load, but it is doubtful if there is in existence a more efficient 
reversing blooming-mill steam engine equipment 

2 In Par. 6, Mr. Caine asserts that in a three-high mill driven 
continuously in one direction, the energy stored in the flywheel would 
make it possible to do the same work with consid rably less than on 
half the power. There should therefore be some explanation to justify 
the installation of so large an engine, at so recent a date, and having 
so large a percentage of surplus capacity. There are two reasons 
for this: first, because of the stalling action at the moment the roll 
hite the ingot: secondly, because of the probable increase of spe d as 
the ingot is released. 

3 The reversing engine, for well-known reasons, has no flywheel 
consequently the momentum of the rotating parts is comparatively 
nothing. Therefore the stalling action at the instant of biting th 
ingot, due to the tremendous impact, which is followed immediately 
by an abnormally high tangential resistance at the rolls surface, 
creates a demand for an exceedingly powerful engine. It is just at 


this moment that surplus power, or reserve energy, is of the most 
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vital necessit\ in order to save time and heat which would otherwise 
be wasted while waiting for the engine to recover itself. At this 
critical moment the term “horse power ”’ does not explain the measure 
of effort necessary for overcoming this resistance; for as a less power- 
ful engine would be almost, if not quite, brought to rest, two of the 
power elements, namely, time and space, are for the time being 
practically eliminated, and the engine reduced to a simple “‘force’’ act- 
ing on the crank pin. Hence, it becomes a question of a turning 
moment sufficient here to overcome the resistance, and of regaining 
normal speed in the shortest possible time: for loss of time means not 
only delay (which is very serious), but loss of heat, and loss of heat 
means additional power necessary. 


tf In the second place, the engine must be so constructed as to be 


yf yy rmitting 25 per cent increase of spe ed above normal with 


perfect safety, for the reason that at the instant the ingot leaves th 


rolls, the shehtest delay on the part of the operator in shutting oft 
steam i resistance except Irietion having been suddenly removed 
results im al ncerease OF spec l and the safe limit is quickly reached 
Phiese wo extreme conditions, full steam and abnormal speed 
never oOo wreoat the Sine Instant in actual operation, but the 
eneme must be capable of meeting them, and therefore such an engine 
riav be ud to be capable of several times its normal capacity 

5 So far as the gripping and the releasing of the ingot are concerned 
the effect is the same whether a reversing or a continuously running 
engine Is emploved: tor the energy of a fly wheel may to some extent 
prevent the stalline action just as this Is accomplished by the sur- 
plus capacity of the larger engine But flywheel energy cannot be 
spent without a proportionate reduction in speed, and with loss 


of velocity more time must be taken to regain it than would be the 
ease where the force of the steam is applied entirely in the mill. 
Part of the steam enc rey Wo ild be spent in restoring the wheel energy 
and conseque ntl more time would be consumed in the pass than is 
ifficiently powerful engine without a tlywheel. This 
loss of time and heat partly olisets the appare nt gain in economy of the 
smaller engine. But the more serious loss would be experienced in a 
three-high mill, in both time and heat, as well as the additional power 
required for raising and lowering the ingot to the two different 
levels for each succeeding pass. Considering the shortness of the 
passes in blooming-mill work, this delay would be a very serious loss. 

6 It therefore seems to me that but little, if any, substantial 


advantage can be gained in heavy blooming-mill work by the three- 
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high mill so long as it is steam-driven It also seems to me that thy 
only hope of any improvement in economy over present practic 
will be in the use of the present two-high reversing mill, but driven 
electrically. In such an equipment, we would have the necessary 
power to avoid delay on gripping the ingot the means for nstantly 
throwing off the power at the release of the ingot. and also th 


continuously running steam engine with a sufficiently heavy flywhe 


at the generator. 


1d W. \ EARSLEY. The value of the fly wheel as a means to obta 1 
constant load with intermittent work is well illustrated by Mr. Cains 


experiments. This arrangement has been considerably developed 
conjunction with electrically driven rolling mill Where cor 

able speed variation is allowabl and there uitaht ! 
pause to operation time, the flywheel may be applied to many drive 


with economy 


2 Economical considerations are t present « erent portance 
in the steel industry. Engines used for driving 1 U re 
usually excessive steam consume? TI Ihe 


periormance in this respect can be greatly improved, « 
continuously running mills n my opinion the « 

be found more reliable and satisfactory for this work. and it by 
desirable to confine the refinements necessary for great econo! ol 


prime movers to an electric generating statioy 


43 Mr. Caine’s method of regulating the eovernor is somew!] 
analogous to that used for controlling the rate of ap) ition and the 
limit of electric current to a main roll motor. in order to obtain the 
similar results of more uniform load, less rapid speed variation 
and protection ol the driver. The tests show conclusively the 


lmprovement In steam consumption and periormance resulting 
} As the paper points out, the proble mn is considerably omp 

cated by variation in the number of pieces passil simultaneou 

also by variation of the interval hetween passes and it relation to 


the time of the pass, and in the temperature and composition of the 


material. \ speed variation of from 12 to 20 per cent trar lerring 
from 23 to 36 per cent ol the kinetic ene rey of the flywher ! peel 
found desirable. With a given torque, time ot lo d, and interva 
this speed change fixes the weight of wheel re q ured Data of power 
performance of rolling-mill drives are rapidly accumulating. This 


paper is an interesting addition to such information 
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THe Auruor. Mr. Ord seems to have the impression that ther 
was a great difference in the work done in the two examples given 
As a matter of fact, the area of the piece Was the same in each case 
on entering the first pass, and therefore, the total work for the four 
passes would be as their relative weights, 2680 lb. for Case A and 255! 
for Case B; B having a slight advantage in weight, and A an advant- 
age of 5 lb. in steam pressure, so that the work was practically the 
same in each case. 

2 The valve setting was not altered between tests. The differ- 

ence in the behavior of the engine was due to the adjusting screw 
alone; and now, three years after these tests were made, this screw 
is still in service. This method of engine control does not eliminat: 
the reserve power; it does cut it down to a point where judgment says 
there is still sufficient reserve to answer all requirements. 
3 Mr. Tribe asks the reason for building reversing engines with 
such a large surplus of power. Such engines are usually driving 
blooming mills, where it is no uncommon practice to roll about on 
half of the total number of passes, from bloom to finished product, in 
one stand of rolls, the remainder being taken care of from thre 
four or more stands of rolls, so that the blooming mill must handle 
these passes In very rapid succession in order to get the tonnage 
The engineer handles the throttle and reverse levers, and the rollei 
the screw-down and the table rolls. The screw-down adjusts th 
distance between the rolls; consequently it fixes the amount of reduc 
tion on the bloom and the load on the engine Is proportional to the 
reduction. 

t ‘The serew-down has no fixed limits for each pass, therefore it 
will be set in a very short period, according to the judgment, or lack 
of judgment, of the roller. The writer has timed these operations 
with astop watch and found that quite often the adjustment was mad 
in less than two seconds; that is, the time from the end of one pass to 
the beginning of the next. It is quite likely that the screw-down does 
not get located where the operator intended; if the reduction is less 
the roller will make some other passes heavier because he does not 
wish to add two additional passes. From the calculated results, 
from continuous indication cards on an engine of this type, on a 
single bloom one pass was noted where no reduction was made, whil 
another pass required nearly three times the average power. From 
this sort of operating conditions, coupled with the desire to get an 
engine that will not stall under any circumstances, it becomes very 


evident why there is a great surplus of power. This also calls atten- 
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tion to one of the features in favor of the three-high mills, namely) 
that the roll designer can distribute the work approximately equally 
on every pass, with the proper data at hand. 

5 The fact that the reversing engine is man-governed is brought 
out. This practically places th speed limit at the rate at whic! 
it would run with a wide open throttle and nothing in the mill; whic! 


{ | ~~ | The 
Dect Cll 


would tal exceed 25 per ce nt ol the normal 
that our engines run at about 16 per cent above normal, and wi 


curve Bat hut LO per cent above 


6 Mr. Yearsley suggests that the principle involved might be 
applied to other than mill engines. The writer can cite an instance 
where this was done. ur COMpany has two-crank flywheel hyd iu 
ie pumps which are started and stopped by an accumulatol Whe) 
the accumulator would drop, the governing throttle ilves woul 


open wide and the pumps would run up to the speed determined 


the fly-ball governors (50 r.p.m.), and when the accumulator reache 
the top limit it would shut off the steam, stopping the pumps vei 
abruptly. This continual starting and stopping caused consideral 
trouble in keeping up the various adjustments, and pins ran hot 
times | pon my suggestion the engineer in Charge ijusted the g cr 
throttle valves so that they could be only partially opened 

as a result the maximum speed is just a little above thi erage, tl 
pumps running almost continually at about 20 r.p.m., the troul 
with hot pins is no longer experienced, the rod adjustments last several 
times as long, and it is my belief that the water valves must give 


less trouble. 











EFFICIENCY TESTS OF STEAM NOZZLES 


By Pror. Fk. H. Siptey AND T. S. Kemi Pul | 


Che o ct ol he test s ti ‘ 
I ( I ( fl< wing or 
( jeter! rie he effect ont ‘ { o 
[wo methods were tried out for { 0 . 
pre Ire in the ! ‘ meal ol ‘ 
by finding t! on of the ( 
re e il ' ' y ho the e1 
he ised by the re 
pring Friction wa nate p , 
| p o determine ‘ olume ‘ 
i ressure the ( e and Uli 
| ol e te I 
ences pre ire , ie! 
( } he eff p 
, ) , 2) ' 
moothness of fir on the insid 
lif t 


Pror. J. A. Moyrer. The methods used in t e te 


viously much more accurate than thi pa aod 
Lewicki in his experiments with De Laval noz wi 
have conducted similar investigations more rece! 

zZ The high efhiciencies obtained may be surprising 7aT 
have not followed the latest deve loy ments in the desig vy ol sten 
nozzles. Results of this investigation confirm in general the result 


t} 


riven by Steinmetz! and by the writer showing that the ¢ 
a Wwe \l-designed nozzle for relative ly large, as well as for small, limit 
of pressure will be gbove 97 per cent. 

3 However, in one respect the investigation is not as complet: 
as it was hoped it would be. There are not enough data to determine 


the effect on the efficiency of varying the length of a nozzlk 


The Journal. Am. Soc. M. ] May 1908. p. 628 
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nozzles ot different lengths, but with the same taper or angle of 
divergence, should be compared However, the statement is made 
in the last paragraph of the paper that there is no appreciable dif 


erence in the effici neies Ol nozzles 10, 1] and LZ. which howe ver, 


it the throat 


do not have the same taper, but have the same areas 
and at the mouth It is probable that all of these nozzles were longet 
than they should be to obtain the highest efficiencies More data 
are needed about the best length of the nozzle for a given expansion 
Lewicki’s experiments cover the two extremes: nozzles which ar 
obviously too short, and those which resemble in proportions thi 
ones used in this investigation 

t The error due to moisture in the steam could not readily be 
determined, and while it is probably not large, yet this uncertaint: 
might have been avoided by USINg superlhe ated steam The reaction 


in a nozzle due to the flow of supe rheated steam 1s apparently con 


stant fora varying amount of superheat This ean be shown by the 
usual thermodynamic equations for flow and velocity——which det 
mine the impulse force of a jet-- and by the experiments of \ 


on the flow of superheated steam through De Laval nozzles 


should be observed 


howevel This when these Tests were Started 


Knoblauch and Jakob had not vet published the values whi 


how using tol the specihe heat of superheate l team, and tor ti 
) | | { , 

reason alone it was desirable to avoid the use of superheated s 

) It hiss not been mentioned by the authors of this paper tha 
then method can by used ice) liate the app en ethic Cl) 0 i 
) ry | an initial and final my Wr RB measirine ti “) 
LOZZI1¢ oD | Ln \ Hittal ANd Thal Pressures »\ HeCasurine © area 
ol a nozzle at the throat and at the mouth o1 muzzle the expan 


sion ratio in a nozzle is determined and by means OF empirical equa 
tions, due to Zeuner and others.” the ratio of the corresponding init 
and final pressures giving the highest efficiency, can be obtained 


This ratio ol pressures would eor espond to the condition 1 these 


tests where the terminal and box pressures are the same 
6 If the ratio of the initial to the final pressure has been deter 


mined, either of thes pressures Can be readily caleulated if the otne! 


is know 1 Kon example, ll by measurement ol the mouth and the 
throat areas, the expansion ratio of the nozzle is found to be, say, 3 
then the ratio of the initial to the final pressure must be nearly 


13.3 for the maximum efficiency of the jet discharged from it. For 
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this nozzle, therefore, with an initial pressure of 200 lb. absolute, thi 
final pressure should be 15 lb absolute From the equations given 


in Par } of the paper, the theoretical reaction ean be re adily ealeu 


lated from the available energy corresponding to the pressure limit 


The change in reaction due to final pressures different from those for 


which a nozzle is designed is, then, according to the method presented 


here, the product of the area of the mouth of the nozzle. times th 


lifference between the correct final pressure tor the nozzle n this 
ise 15 lh. absolute and the pressure in the box, or in practice the 
ressure Inside the casing ot a stage of a turbine Since reaction al 
locity are directly proportional th constant fl the apparent 
clocity of the jet will be increased or decreased inthe same proport 
the reaction is Increased or decreased 
ri I) re | tual practies however this does not « eu + } 
ed that 1f a nozzle is used whieh does not expand the 
entiyv, there is not nearly so mu oss in the velocity of thre 
! ! 1 ( 1W)Z ( = TOO Wice it tlie Llh¢ 1 | ( ( | 
I I} Othe! vords Wha heen 1h) 1 i ( } } 
it 25 per cent mM large In area at the moutl \ vIiVe Toll 
9) per cent of the theoretical 
hiea ' the same percentage w ceive Within 2 or 3 pe , 
ium eff ency obtainabl 1 I rpre 
\ll this involves something which is no 
( Lion ¢ Mriments; an I 
} t } lt with varving | le -pressu 
-"ROF., | ( ‘THOMAS I have for vears been int | 
ot Investigation, and am glad to see this contribution In Par. 26 
the corrections which the authors make to thre observed reactions 
seem to me to be somewhat open to quest on Aside from this fact. | 


cannot quite se the theory upon which the corrections are based 
the tact that the pressures vary conside rably in all but perfect no 
rleos rom the center to the walls. and that very onsiderabl irreg 


larities of flow are found in nozzles, makes me doubt the necessity 


lol making these corrections to the obs rved reactions 


STRICKLAND L. Kneass. The tests appear to cover ordinary 
straight-tapered nozzles, as follows: 1 in 6,1 in 5.77 in 5, lin4 
and 1 in 3. In several cases the net areas vary slightly from thes« 


ratios owing to the displace ment ol the evlindrical search tube Dut 
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the ratio o 
same for a 


of the lenet 


2 from Table 5 it would appear that nozzle No. 13, which has a 
taper of approximately 1 in 4, gives a much higher efficiency between 
100 Ib. and 145 lb. absolute, than nozzles Nos. 9, 11 and 14, with 
tapers ranging from 1 in 34 to 1 in 6. As far as the knowledge of 
the writer extends, there is no logical reason for this result, and he 
would attribute the nhigner percentages to greater precision 1n the 


experiments rather than to any inherent efficiency in the 1-in-4 
nozzle, 

; ome rect contour of a nozzle for the discharge of elastic 
hurd ot ques \iter an extended series of experti- 
ent Veo) ears LSSS at IS91 with steam nozzles of various 

iy { r omerecd Ure lggestion that the s ion should be 
the | ot a reversed e, somewhat as shown in Fig here 

fl T\ 
| | } | 

1 | thee that thr , ‘ , 

iW 1! (rE ¢ thie tean ! mt) ti ( 

1 areas at the several sections should be unit distances 

1) these sections were culated with due allowance for the 
ve in the specific volume of the steam during expansion. The 
esults obtained seemed to confirm this theory and were compared 
with the discharge from straight-tapered nozzles in a paper read 
Hpetore the lcngineers Club of Philadelphia in IS9OL. The writer’s 
opinion was turther corroborated by }* Hodgkinson hefore the 
engineers’ Society of Western Pennsylvania in 1900. In view, 
there lore, ol published experiments upon nozzles ol special contour 


for which 
the aut ho 


scope ot 


oldest am 


! Referring again to the 


SIONS ?) 


t the 


veered 


DISCUSSION 


throat to the outlet area is practically the 


ll nozzles, so that the results relate chiefly to the effect 


h of the tubes and the friction upon the walls. 


area 


advantageous results were claimed. it is surprising that 
rs of this paper did not increase its value by widening the 
he experiments, instead of confining their tests to the 


{ possibly less « fhieient form of tube. 
! . 


experiments Ol the write r, his conclu- 
that there was littl 


theorem difference 


veneral 


the 
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in the efficiency of the straight-tapered nozzle, so long as the terminal 
pressure of the steam within the tube was the same as that of tl 
medium into which it flowed, and, further, that the ten ul ve 
would be the same under this given condition whether the taper wer 
1 in 6, 1 in 5, or 1 in 3. This opinion seems to be sustained by thi 
authors, although the results are not satislyl ly definite, be a) 
different terminal pressures were used with each initial pressure an 
the table does not contain the terminal pressures wit] 
so that the comparison cannot be made with the p ir ot Une 
final medium 

5 Itis desired that this point be emphasized, for 
between these two pressures has an import 
It is thought that a more exact metho 
eficiency would have been to modify thi 
internal and external pressures would alw 
an attempt is made to introdu 
tion, doubt is thrown upon the resu i 


any one who by careiul observation of t] 


Irom nozzles of different proporti 


HbOriui OF thie etl when the tern l pore 
that within the end of the nozzl . 
mav be Charged to this item ana tte 


as to the accuracy of the resi 


ated under the theorem Piven 1 e yA 
6 It would have been interes 

data relative to the action « | 

Mined the terminal specihe steal 

Lhat the specine gravity ol s i} 

does not correspond to that ca lated 

tion, and therefore would be glad 1 


‘ 


velocity of the steam, as given in Tablk 
sper ific volume based upon the adia 
cross-sectional area. 

7 <A test of this kind should g 


steam. The authors state that a thermomet 


well at the rear of the nozzle, but there are no fig 


giving the percentage of moisture An objection to t 

tion of th apparatus can be offered in the liability of « lel 

of steam in the vertical flexible supply pipe The teal fl 
downward under pressures varving from 100 28 cf hi 


145 lb. (356 deg. fahr.) and is surrounded by st: 
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of 28 in. vacuum (100 dee. fahi 


tO he condensed. 


It 


under-expansion in the nozzle is pret 


THe AuTuors. appears to 


ola’s Theory of Steam Shock and } 


very decidedly in this direction 


sO) 


be 
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that a certain 


amount 1s sure 
a generally accepted fact that 
( rable to over-expansion. Stod- 


is search-tube experiments point 


Reaction experiments may even 





appear to indicate that under-expansion in the nozzle is in some case 





preferable to using the theoretically correct ratio. This may also b 
true; but if the theory advan n Par. 26 is correct. it is ; 
to aecept the results of anv pu rey yy) ry ont« 0 0 
definite answet to this quest rn nd where tt rye re in tl mu 4 
of the nozzle is not taken into it. all the re . , 

» ()t cours it IS DOSS] eto inte thre } ( ] ea) 
retical and empirical formulae ve are to re Mon eee ee 
formulae the sno obyect in 1) tech Ba ‘ 
periments \loreover, en Le 4 si 
linble to be | ead in part une n test hig 
Into proper account the pre | he muzzle « he me \ [we 
when the nozzle disel ing t Ire ure " c} ora 
ereater than the theoretical m e pre rit 1etu (1 
occur within the nozzle itselt » tl the formulae do ne nn 
and the results of reaction tests rhe become verv misleading 

) Pru 26 has been called bh question from bot! the theoretica rhe 
the practical standpoint, so t] re extended col erg { 
rot be out of order 

{ The first statement Phe reaction of ar no ‘ ‘ } 
summation of all the components parallel to Amis. « he pressure 
within the nozzle and in the amber trom whic { 
scarcely be questioned 

5 The net accelerating force F (Par. 4) which produces t} elocit 


] 
dhl 


actually present in the muzzle of the nozzle may be divided into two 
parts. One part (call fF) is a summation of components of the fore 
with which the internal walls react against the pressure of the stean 
The second part Is a force due to the pressure ol the steam 1 l HiLUZ 
zle and acts in opposition to th hirst 

6 Let F, be this second part P, the muzzle pre lr (I 1 the 


muzzle area 


and 


Then 
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Let R he the *" true reaction of the nozzle ‘ ( the lores which Is 


equal and opposite to F. Then 


7 The apparent reaction (called 2,) is the force with which the no 
zie actu pulls or pushes in the direction opposite to the steam flow 
during the test 1 fie pDparent renction ¢ l 1h if —“ equal To thre 
SULDNY il nol ( ponents yp ileLto its \ 1 a the pre r'é 
Dot! nterna nal terna pon the wa en Alc and oO t! 
! rrytn ron i iis 

‘ i! } hich Is due to the mt pore re (yula 
/ 1 tie ter! | Dressure t- nthe cares on of fi ( tie ( 

( ! iren While! eatel hah Ul (>] | if ntl 
Pitve ‘ ‘ ( T hie | ‘ eric 14 hy ‘ ( 


1 i? l rt) ct | itl byaone (j on) 
i | | ( ] ()7 thiis tT! cle ( ! | 
( ( ! rhe ill the pressu > WI I | 

rial l to ot! CHLULSE eabnnot fect he t er t 1) 

( ( l i eS 7 perty determined I ( he are ‘ hem 

WL CXCE] t ure to n ke the correcti : 
vit (I nthe theorety Wil rit re “LT it ent flue 
lath Cl ie as to make all corrections Imprac ( rie ind ti ren 
tion tests under these conditions become worse than useless Dbecaust 
they are Miuisicading The Criticism by Prof SSO] Thon is We 
ounded Wit! evard to suct iS¢ Hut no DD to the test 
reported i HhIs pup orthe reason that these were lmacde under con 
litions Which did not disturb the stability of the ret within tl ho if 

15 Phe tae that the corrected reactions show) n Fig. 13 and 
ig. 14 e in a horizontal line ( ire equ = 9 furtl evidence 
that the theory upon which they are based is correct, also of the fact 
that the et within the nozzle ren ned l ! stable equillbrium 

Gage nected is poll hin the exter! 
pressure did not vary in different part ot the box by as muc! is O.O1 II 
per sq. in. It must be remembered that the nozzle and the chamber fro 


which it leads are here suspended within the box into which the jet dischai 
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and that the creeping in of the external pressure along the internal 
wall had no practical effect, while the box pressure varied within th 
limits shown. 

14 To show further the form of error involved in the failure to 
use these corrections, apparent and true reactions have been taken 


from Fig. 13 and Fig. 14, and the accompanying table computed. 


Laat » ol tamed. trom nozzties NO 1] and No 14 with the HON pres 


sure equal to that in the mu e of the nozzle, are eiven in lines lL and 
5 These elociti ind efficiencies are the same as those given in 
fable 5, and require no correction for terminal pressure 

15 For line 3 the apparent reaction is taken for nozzle No. 11 
with a box pressure which would be correct for No. 14, and the appar- 


l 


ent velocity and efficiency of Ni ll are cal ulated Irom that basis 


action for nozzle No. 14, with a box 


pressure hich would be correct for nozz’e No. 11, is similarly used 


17 It was found in the experiments plotted in Fig. 9 and Fig. 10, 


that tl pressure conditions within the nozzle remained stable and 
practica constant with such variations from the proper box pres 
sure for each nozzle \lso, by applying the corrections called for in 
"ars2o x found that these values reduce to the same values as 


those obtained in lines 1 and 2, showing that the velocity and efficien- 
cies of the jets as they reached the muzzles were not affected by th 
changes In box pressure 

IS The acceptance of the uncorrected values would therefore im- 
ply an assumption that in nozzle No. 14, with an initial pressure of 
145 lb. and a terminal pressure of 0.929 lb., the jet attained a velocity 


if 3698 ft. per see. in the nozzle, and that after leaving the nozzle 


its velocity Jumpe d to 3843 ft per sec., and that in nozzle No. 11, with 
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an initial pressure of 145 lb. and a terminal pressure of 1.682 Ib.,the 
velocity of the jet after leaving the nozzle dropped from 3796 ft. to 
S561 ft. per sec. 

19 The efficiencies calculated from the apparent reactions, if 
accepted in this form, would show that No. 14 is better than No. 11, 
not only for its own proper terminal pressures, but for the terminal 
pressures found in the muzzle of No. 11 as well. It may be that 
such is the case; but there is considerable probability of arriving 
at erroneous conclusions if it is assumed arbitrarily, without having 
first been proved by very careful experiments which are not in any 
manner dependent upon the assumption for their accuracy Ther 
certainly is no basis for making such an assumption from these data 
as it has no bearing whatever upon the subject. 

20 +Previous to the time when this series of tests was begun, ther 
had been considerable investigation of nozzles with cone angles up to 
12 deg.; but the action of steam in nozzles of greater cone angle had 
not received the same degree of attention. It was therefore decided 
to use nozzles with divergence angles of from 9 to 20 deg., it being 
then thought that this upper limit might be beyond the value for 
highest efficiency. 

21 Another set of nozzles tested contained one with a cone angk 
of 24 deg. 30 min., which seemed to show an equal efficiency with 
those of smaller angle. This set was made of babbitt metal, was not 
perfectly smooth and was somewhat worn with long-continued us 
so that the results could not be thoroughly checked. 

22 With the steam conditions given and the ratio of muzzle t 
throat area determined therefrom, the only point left for the designe: 
is the general contour of the nozzle, including the shape of cross sec 
tion, length and angle or angles of divergence. The two sets of noz 
zles shown in Fig. 6 and Fig. 7 were designed with this in mind, each 
set having a common ratio of areas: those of Fig. 7 differing among 
themselves only in length and consequent angle of divergence, 01 
vice versa, and those of Fig. 6 differing only in elements of general 
contour, not including length. 

23 Professor Moyer’s statement that “ nozzles of different lengths, 
but with the same taper or angle of divergence, should be compared,” 
is not understood, unless he means to suggest that the whole field of 
different steam expansion ratios should have been investigated. This 
Was hot permitted because of limitations of time and other circum- 
stances familiar to most investigators. Such an investigation would 


not serve to determine the proper length for a given steam expan- 
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sion ratio, because the different nozzles would not be suited to the 


same steam conditions; but it would give the efficiencies for one angle 


of divergences with all the pre ssure ratios Lo which the various nozzles 
were adapted. 
24 Kach set containe d on search-tube nozzle for use in determin- 


ing experimentally the terminal pressure in the muzzle, to be applied 


in reaction tests on the rest of the nozzles in that set. The ¢ flicien- 


cies of these nozzles No. 9 and No. 13, as calculated by the search- 


tube method, are shown in Table 5; but they are not worthy of con- 


-ideration except as an example of the inaccurack s almost ce rtain 


te be involved in this method. 


No. 13 is not due to greater precision in the experiments as Mr. 


» 1 


The high efficiency given for nozzle 


Knease suggests but rather to the greaterro!l inthest arch-tube method 


of caleulation, caused by a very small error in determining the 
muzzle pressure In Table 6 it is pointed out that a “74 error” 
of only 0.1 lb. per sq. Im. In determining the terminal pressure would 
cause a error’’ of from 5.4 to 14 per cent mn the ‘‘searé h tubs 
comput d” efficiency of No. 9 and No 13. 

95 These ‘“search-tube computed”’ efficiencies are evidently re- 
sponsible tol Vir. Moye rs statement that effici ncies were her found 
as high as 97 per cent Values obtained from reaction tests ar lower, 
and it 1s upon these that the conclusions stated 1n Par. 49 are based. 

26 No. 9 search-tube” nozzle) was made witha small angle ol 
dive rvencot to be doubly sure that the steam should not leave the 


walls before reaching the muzzle 
97 Both the length and the ratio of areas in nozzle No. 10 wert 


to corre spona as nearly a possible with thos inh nozzi No. 9 
{ | ind in the muzzle of No. 9 might be 


sy that the terminal pressure tound 


applied to reaction tests upon the tormer with the least possible error. 
28 No. 11 and No. 12 wert made shorter and with a greater cont 


angle but with the same sectional areas, in orde! to hind out what 


difference, 1f any, this Wo iid make In eficiency. 


Zu No. LS was finished rough for comparison WIth No. Ll, upon 


which th ore ter number ot te ts had been made. 

30 No 14 was used to determine the efficiency with a smaller 
expansion ratio 

ol No Lo searcn-lLube nozzle was made to correspond as 


nearly as possible With No. 14, so that the te rminal pressure as dete I- 
bye applied in reaction tests with the latter 


} 


mined in the former might 
2 No 15 and Ni lo were used to determine the etiect of these 


D a 


very considerable variations in contour. 
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33 Other forms, such as shorter nozzles or those designed for uni- 





} form acceleration and upon other theories. may and probabl do 
q ° give just as good efficiency as those herein described It seer 


doubtful, however, in view of the uniform results obtained with noz- 





zles of such different contour as those covered DY these experiments 
whether it would be advantageous to use any form especially diffi 
to manufacture, unless it be for thi purpose of contro e the shar 
of the jet as it strikes the moving blades of the tur ne. T! 
important, as it has a great effect upon the efhi 
blades. 


34 It is to be regretted, as stated in Par. 19. that 


to procure a calorimeter of sufficient accuracy for our purpos 
such great care was taken to maintain w rl ) I 
room nd these condition PAVE h rey ( 
dryness o the steam at the nozzie enti 
ntroduced 1s not serious 

Do As stated in Par. 14 ( { 
Suré ho Varying more t] ee Om 155 I “ 4 
50 deg. fahr superheat Steam was 
tial pressure just before entering the 
that the thermometer inserted at the nozzle entrances nowed abe 
1 deg. s iperheat with 700-lb. flow per hr. al ometime trace Oo 
superheat with 500 lb. per hr. It is probably fair to assume fri tl 
that the steam was dry when used with 145-lb. pressure at the et 
trance to the nozzle, and that (in view of the greater throttlin 
which tends to offset the increased unit radiation from the pin 


there was always less than 2 per cent of n tu pre 
pressures as low as 100 |b. abs 

30 It may be stated in conclusion that a proper met] L 
mining the net effect of under and over-expansion in 1 nm e would 
be as follows: 


First Make a set of nozzles of the ime Ce il Ca if 


with throats identical, and with muzzle 


11104 y i 
F Second Determine accurately the proper ter! 
and the true efficiency of each 1 the method 
herein described, using re pp , ch 


static and moving friction has bee 
Thard: Find the push upon a set ol turbine biade sing eac! 
nozzle discharging into its own proper terminal prt re 
and into the pressures which are proper for each of the 


other nozzles of the set 
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Fourth y A comparison Ol the push exerted under these condi- 


tions, bearing in mind the “true efficiency ” of each jet 
within the nozzles, will show the net effect of under and . 


Oover-expansion. 




















GAS POWER SECTION 


THE WORK AND POSSIBILITIES OF THE 
GAS POWER SECTION 


By Frep R. Low, Assoc. Mem. Am. Soc. M. EF. 


[7 rry mn tor TOY 


the work of the Section for the second year of its organized exist- 
nee has been largely lormative. The art, to develop and to chronicle 
e development of which ts our ivowed purpose,is so recent even in 

eginnings, so new in weighty accomplishment, that if is possible 
for an organization with our facilities to gather and put upon per- 
manent record the main facts of its history and the pre cedents and data 
volved in its development. Our endeavor should be to do this in 
such a Way that another POT ration will have no regret based upon 


he failure of ours to make a full and intelligent use of its opportuni- 


The Standardization Committee has presented a preliminary 


report dealing with the significance of various terms used in the art. 


While nothing that we can do or say will endow any of these terms or 


quantities with:an arbitrary measure or value, your treatment and 


(Usposition of the re 


port will go far toward determining the future 
Usave Upon which legal and other interpretations will by based. 
The Committee on Literature is organizing so as to provide lor 


the systematic reading of current gas power literature, and the filing 


of index and reference cards with the librarian so that future searchers 


may find available information grouped for ready reference, and the 
nformation itself either in the files or elsewhere in the library. This 
is not retroactive, however, and some steps should be taken, whil 
present but perishable information is available, to put upon record 


the history of the art 


to make up its comple te bibliography, a roster 


of its personnel and a chronological statement of its achievements; to 
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he at 


write the subject of 


iS power adown to date 


written that ol transmission 


The Installation and Plant Operations Committ: 
occupied in perfecting systems, and the forms subn 
consideration are parts of such svstems whic] re thou 


I 
nate with and to supplement each other and to fulfil al 


of the Section. The work of collecting information alo 
will be vigorously prosecuted during the coming year 

gestions which will improve the efficiency or practi 
system will bi of especial Value t the outset of t] vi 
tion to these records of regul operation some ettort si 
to obtain information a to operating difficulties ov 
truths as to the behavior o cas power plant in th 


Section is isked to ugg@est eS O perime to \ 
of suggestions boil down to 42 determinat binodl 
to make upon fuels; 8 questions regarding test methe 
mination of which is a matter lebate rather thar 
tion; 20 questions relating to p meer pract > to 
various factors on engine capacity and efficiency; 11 
of various elements of design: 6 upon ignition: 4 upor 
upon carbureters; 6 upon the heat of the exhaust; 11 
apparatus 5 on t he incieato ! ] uy on fire 1 =] N 
require physical experimentati or their determin 
Section is fortunate in having received offers of cob) 
Seve ral Ol the fore most int rested. protessional observe! 
gators with well-equipped laboratories and skilled assis 


command, and then thought and work will be invalua 


aright p 


these perplexing questions pertaining to a 1 


The results of the Meetings Committee’s work ar 
' 


the, papers Ww] ch have been pre ented it this and tl! 
ings of the year 

Phe membership ot t! s { has inerea qd «ui 0 
QA, to 378 | vain OT ove! 5) eent 

Phe development of the past year has been stead 

1 a | 

alr ily iald down at its commencement rather thar 
new lines Ol thought or en 1 VO?) | do not a TT | 
the past has been surpassed either in magnitude ¢« 


as Prof SSO! 


Dalby 


() | 
rel 
re 

LAG 
CN 
1Tih¢é 
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| 1 4 4 | 
Vil piOow thie Willis To be etectuallys MKeTeCd i Lf aeratum. 
ist Les has gone lar toward soiving the probien \nalternative 
a4 modimnention of qdesiwh whic! nail perm 1 T hye Is¢ ( wrought 
I 
nevtals 
Mir. IX. T. Adams said early in the year that we were neare? 
1O,000-h.p. unit, looking torward, than to a 5000-h.p. unit, looking 
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boiler. He labors under the disadvantage that the returns from the 


heating and process systems are not cool enough to go into the jack 
and make the process a closed heat circuit 

The year has witnessed continued and new attempts at a gas tur 
bine, with no results about which we can talk in detail. Mr. Han 
Holzworth, one of whose steam turbines was exhibited at the St 


1 


Louis exposition, has exhibited a small Tas turbine which ran so satis 


factorily that he had no trouble in obtaining Capital lor the building 


of a 1000-h.p. unit, upon which he is now engaged at Berlin Nin 
W. A.Warman, one of our New York members, is obtaining some v« I") 
interesting results in his efforts to construct a Hero turbine, Aver 
engine or Barker’s mill, operated by gasolene. 

The difficulty in the gas turbine is, of course, to find material 
which can deal at the same time with pressures and temperature 


both high. In view of the remarkable results obtained by the addi 


tion of low-pressure steam turbines to reciprocating engines, the 


conception of a gas turbine in series with a reciprocating gas enging 
naturally arises The terminal pressure and temperature In a 


engine are high. There is considerable ener: 


v t be had by expand 
ing the gas to temperatures attainable even under atmospheric pré 


sures. At the same time, these eases are not so hot when thev conx 


from the engine that they cannot be readily worked I NOZZL Ol 


easily procurable material [It would be interesting t ee Ul 


adaptation worked out, at least on paper 


Notwithstanding the attractiveness of the two-stroke evele. th 


smaller weight of engine required, ete., no progress 
during the past year except upon engines of the smaller sizes, and we 
appear to be no nearer to the wider use of the two-evele eneine 
large sizes than we were two vears ago. 

The movement toward the bette) use ol by-product 


All the large iron and steel Works USC their blast IUrnace Buses 
| 


gas-driven blowing engines, pumps and electric generators, and coke 


manufacturers are putting in by-product ovens. It is said that 


German interests will erect a by-product plant near South Bethlehen 
which involves an investment of some $4,000,000 to furnish coke 

the Bethlehem Steel Company, and which will have available som« 
24,000,000 cu. ft. of gas per day, of a thermal value of 400 
At 10,000 B.t.u. per h.p.-hr. this amounts to 40,000 h.p. continuously 


ifforts continue toward a producer which will satisfactorily an 


continuously handle the more abundant and cheaper bituminous 


coals without expensive @UuXillary cle aning apparatus and i reports 
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performances hold good, the year may be credited with notable 
progress in this direction. 

Increasing interest is being taken in the use of substitutes for coal 
and oil. Numerous peat bogs are being worked and both peat and 
lignite are successfully used in producers. This is especially true of 
Western lignite. Occasional references are made to the possibilities 
of using town waste in the same Way, but we have not learned of any 
notable progress in this direction during the year, and it is still a 
question whether the vast carbonaceous rejecta of our large cities 
can best be made to contribute to our fund of available energy by 
way of the producer or of the still 

The United States Geological Survey has just issued a bulletin, 
ringing the question ol alcohol as fuel down to date Burned in 
engines especially constructed for it \essrs. strong and Fernald, 
authors of the bulletin say that a gallon of aleohol will ce velop as 
much power as a gallon of gasolene, notwithstanding it has but 71,900 
heat units per gallon, as against 115,800 for the gasolene. The 
present price OL ce natured alcohol is 50 cents pel gallon in five and 
lon lots, more than twice that of gasolene; but untrammeled 

an internal revenue tax it would doubtless be a serious competitor 
of the latter fuel. 
The usefulness of the gas engine in marine work was considered by 
\Ir. Straub in his paper presented to the Section at the Washington 
meeting. Rumors persist to the effect that a sizable war vessel is 
being built in Great Britain, to be propelled by internal combustion- 
moto! and we understand that a contract has been awarded for a 
L000-h.p. outfit for one of our own lake steamers. The successful 
application of gas engines to the propulsion of canal boats in ¢ rermany 


s well known. 
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tion, recognizing the Importancé ol a well-considered pian I 


solution of the problems develop 
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ed by the increasing use of gas po 


appointed a Research Committee consisting of Prof. Robert H. | 
nald, Prof. L. P. Breckenridge 
Chas. Ek. Lucke, Prof. W. D. Ennis 


Harry N. Davis, Prof. Lionel § 


Prof. W. H. Kavanaugh, with i 


line s of investigation to be conducted. 


This committee, with the sect 
prepared a list of the special pro 
gas power, the solutions of whi 
suggested that the well equipper 
and technical institutions would 


and it is 
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oratories and investi 


iva 


Journal of the Society. 


A LIST OF PROBLEMS, THI 


ioped that many of these 
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Prof. W. T. 


(>. Carpenter 
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Marks, Prof. David ( Crall lp 


istructions to advise as to the pro 
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] . 4 

biems in connection with the u 

are urgently needed It has 

1 engineering taboratories ol Oll 

me vlad to cooperate in this we 
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( el ind determination of ph | for the col ie! 
of fuel, particularly the hydro-carb L. S. M 
Devel ment of an oi! g Ss proaucer making peri nent gas. W r. M. 
What re the requirement { CTacK &@ SO1lLd ! } | hydrocarbon. 
the tormatio! 
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1) with the formation of other liquid 
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Determination of the effect of eliminating the hydrogen from produc: 


gas and its relation to maximum po ble effi ency ol the Otte 
R.H. F., W. D. I 
Determination of the effect upon the operation of the engine of varying 
the Hydrogen in the gas mn: oe | 
Klimination of varying mixture with given gas and air supply du 
improper mixing of the two D. L. G 
lemperatures of gases in cylinder and of the cylinder wv 3..L. 5. M 
lemperature of inflammatior 
Velocity of propagation ol exp! Ol 
lemperature during explosion, et L. S. M 
Completeness of combustion in an engine and the inf ( 
speed compre sion etc | NI 
Rate of giving up he at to the walls during the explosi troke 
Dugald Clerk’s method L. S. M 
A study of G mixture to eter! ( 
ur) Pre ires due to explosio1 I 
») Temperature of ignitior 
c) Effect of methods of ignition « is. es 2 
Icffect of compression, within practical limits, on pr nd econo) 
R. He. I 
iffect o ling Oo ilves « Bm. 2. 4 
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kiffect of different ratios of wal u ce to the olumes he combu 
tion chambe! W. T. M 
Relative merit of valves with seat angles fro Oto 45 deg. R. H. 1 
Kiffect of design of intake manifold on charge disti ition In engine ol 
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3 Development of a convenient and practical continuous calorimeter. 
S @. 3 
f An accurate method of measuring air and gas in large quantities when 
under variable but small pressure differences R. H. ] 
5 Development ol a simple chronograph is &£. BB 
6 Development of recording dynamometer bb F. 2 
7 Development of methods of calibration of standard orifices suitabl J 
for measuring the flow of gases under small differences of pressure. 
i &. © 
S A heat gage which will indicate or record the calorific value of the gas 
which is being generated W.T. M 
+ \ meter which will take into aecount the varving pressure ind tem- 
perature of the gas passing through it W. T.M 
1O De velopme nt Of a satistactory method tor determining the olume of 
gas generated by a suction produce! \W H IX 
ll Accuracy of determining the olume of g produced per pound « 
oal in a producer from the composition of g the ultimate analys ; 
of the coal, and, for bituminous coal, the weight of the tar ° M 
12 A gas analysis apparatus (including ash, soot, tar and gases) for 
with producer gas before and after cooling and also before and afte) 
scrubbing W.T. M 
13 Deve lopme nt Of @ CONTINUOUS GAs al ySIS apparatus lor producer ¢ 
and exhaust gases \ ‘| \I 
14 Development of a gas analysis apparatus of the Orsat type and sim 
plicity for producer room work W.T. M 
LD \pparatus for the analys of the waste liquors from a gas produce! 
W. TT. M 
16 Development of an accurate and se tive pyrometer for gas engine 
od W. T.M 
} 
VW Indicate ! 
| Design of at licator coc] ectiol | ! ( 
mature ol on with pro 0 \\ | \] 
2 Improved methods « ! y of g engil , sahil 
licato Meth y Ipp L. Ss. M 
1) ypMmeD ontinu y ix PP; B 
i. ent of quicl r 0-CO - a 
Deve ! | it BOOO 1 W. D. ] 
V ] nee 
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Relative fire risk of alcol olene and kerosene R.H.I 
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) ) 
Pror. R. H. Fernatp. In connection with the Government 


the feeling has prevailed that ever since the | 


LOO4 


as steam boilers, i. e. 


Investigations evINnNIng 


of the work in gas producers could be tested on practically 


the same basis without necessarily operating 


an engine in connection with the test. This would mean discharging 


the gas into the air in a manner similar to the discharge of steam in 


boiler test practice, This hit thod Ol proce dure has not been adopted 
so much has 


It 


been necessary that the gas generated at the testing station be utilized 


at the Government testing station becaus« prejudice 


existed against the gas producer and gas engine has therefore 


in an engine in order to avoid any discussion relating to the uncertainty 


of such operation This has been particularly necessary owing to 


the large variety of fuels that have been handled and the variation 











562 DISCUSSION 

in the quality of gas produced. It is true, however, that from the 
producer standpoint alone the engine is not essential, and the method 
suggested by Mr. Garland is ingenious and reasonably convenient. 

2 There are a few points in connection with this paper upon which 
further information is desirable. In Par. 5 it is stated that the weight 
of steam was measured by passing the jet through a calibrated orifice 
inathinplate. Methods of determining the quantity of steam used by 
gas producers seem to be varied and the results obtained somewhat 
uncertain. I believe it would be interesting to know the details of 
the method employed by Mr. Garland. In the testing station at 
St. Louis the steam used by the pressure produce r was determined by 
means of a calibrated orifice, but the fluetuations in pressure were such 
that the readings obtained were not regarded as absolute ly reliable 
During tests covering a period of approximately two years the steam 
used varied from 0.28 |b per lb. of coal fire d to 1.13 lh. of ste am per 
lb. of coal fired The average for twe nty consecutive tests showed 
0.69 lb. of steam pel lb. of coal fired [t should be borne in mind that 
the fuels used for the different tests were quite different in composi- 
tion and that the amount of steam required by the different fuels 
may have varied considerably; but in spite of this fact the feeling 
which prevailed about the plant was that the method of det rmining 
steam by means of calibrated orifices was not entirely satisfactory 
unless the pressure of the steam passing into the producer, and the 
percentage of moisture in the steam, could be kept constant during 
the test. 

3 At the Norfolk station, however, the steam required by the 
producer was supplied by an auxiliary boiler, so that all water passing 
into this boiler could be positively measured. Although the coals 
used for the six tests reported below were practically the same in 
composition, yet the records show the steam consumption per pound 


of coal fired to be decidedly variable, as follows: 


(1) 1.12 lb. per lb. of coal fired 1) 0.82 
2 l 14 “és a “< “<e éé =4 ‘) 77 
1.04 éé ‘é << ‘<< ‘6 ‘ 6)0 69 


This wide variation shown for these six tests is due entir ly to the 
methods of operation, and not to uncertainties in measurement, 

might at first be inferred. There is need of Systematic and careful 
investigations relating to this question of steam pel pound of fuel 


At the Pittsburg station the mi thod of det rmining the amount of 


steam used in the vaporize! Is by means of awater tank calibrated in 


pounds, thus insuring accurate measurement 
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t In Par. 6 is presented the general method of determining the 
amount of fuel used. One phrase attracts especial attention: “at the 
end of the test the fuel bed being brought to as near the starting condi- 
tion as possible. ”’ In boiler practice where the quantity of fuelonthe 
grate at any one time is relatively small, it is undoubtedly possible, 
within a reasonable percentage of error, to determine the condition 
of the fuel bed and to make this condition practically the same at the 
beginning and close of an eight or ten-hour test. 

5 However, the situation is totally different in gas-producer 
practice in which the initial fuel supply and the amount of fuel on 
the grate at any given time is large compared with the amount 
required by the plant during a run of a few hours only. Even though 
the conditions at the close of a producer test br made to duplicate 
those at the beginning, there is still considerable difficulty in deter- 
mining the exact fuel consumption, owing to the lack of accuracy in 
determining the true thickness ofthe fuel bed. In a producer of 
250 h.p. rating it is not uncommon to make an error of from four to 
six inches in the true depth of the fuel bed. In a producer of this 
size, this will cause an error of about S00 lb. of coal, or about 400 lb. 
of coke, according to the condition of the fuel bed at the time. It is 
imperative, therefore, that the tests of producer plants be continued 
to such length that these errors in measurement will be but a small 
percentage ol the total fuel consumed. 

6 Mr. Garland states that it was endeavored to make the tests 
of such duration as to bring the probable error ol filling down to 
about two or three per cent. It will be of interest to have explained 
in further detail the method of procedure used in determining the 
exact amount of fuel consumed. Witha 250-h.p. plant in which the 
fuel consumption for a period of 8 hr. amounts to only 1800 Ib. 
approximately, the error,due to inaccurate measurement of the depth 
of bed and variations in fuel bed thickness may be as great as 1150 
lb. The percentage of possible error in calculating fuel consumption 
for short periods is obviously great. With a period of 24 hr. and a 
fuel consumption ol about 5400 lb., the percentage ol possible error, 
although much less, is still over 20 per cent. 

7 In the producer tested the effective fuel bed volume was 
approximately 4 cu. ft., which is equivalent roughly to 250 lb. of an- 
thracite pea coal. It is probable that a large percentage of the gas 
value of this coal may be given off without materially decreasing the 
fuel volume, under certain conditions of fuel bed. In a run in which 
the fuel consumption for this producer amounts to only 8001b. with an 
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initial bed of 250 lb., it is a question whether the percentage of error 
in fuel bed estimates may not amount to 10 or 12 per cent instead 
of 2 or 3 per cent. 

8 Inarecent paper on this subject published by the United States 
Geological Survey, the following conclusions were presented: 

a Throughout a test the fuel bed should be maintained in 
uniform condition, with regard both to character of the fire 
and thickness of the bed. 

b Failing in this, special care should be exercised to see that 
the fuel bed is in the same condition and of the same 
thickness at the close of the complete test or at the end 
of a test period, as at the beginning. 


c A test should never be started when the producer has peen 


standing idle for some time with banked fires, as the fuel 


bed will not be in the average condition under which it 
will be required to work during the test. 

d If, as the appointed hour for closing the test approaches, 
the fuel bed is not in the proper condition, the time of 
ending the test should be postponed until the bed natur- 
ally assumes the proper thickness and characte No 
forcing of conditions should be allowed simply to bring 
the test to an end ata pre viously determined hour. 

9 In Par. 12 it is suggested that the volume of gas may be com- 
puted from the analyses of the gas and coal and the statement is 
made that this “may be relied upon within 5 per cent, provided the 
sampling is accurate.”’ This last clause “providing the sampling is 
accurate’? seems to contain the essential point. Time does not per- 
mit a lengthy discussion of this important subject, but too much 
emphasis cannot be placed upon the fact that proper sampling is 
difficult to accomplish. 

10 Reference to the packing of the ash in the fuel bed suggests 
another point which must be very carefully considered in making 
fuel bed measurements, viz., the swelling of any coals due to the 
application of heat. Frequently in our government tests, the measure- 
ments of the fuel bed have caused very misleading impressions due 
to the fact that the fuel had swollen materially during the operation 
of the plant. 

11 In Form 1 a number of items appear under a heading ‘‘ Quan- 
tity of Air.”” Although it is quite possible to determine small quanti- 
ties of air with some degree of reliability, yet methods for making 


such measurements of large quantities appear to be entirely lacking. 
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Further details of the methods pursued in this test will, IL believe, 
prove of interest. 

12 In items 128 and 1285, are presented the producer efficiencies 
based on dry coal and combustible. It is not apparent why there 
should be a difference of 4 per cent in the efficiencies shown. 


G. M. 8. Tarr. The usual method of testing a plant for such 
a short period would be to operate the producer for two or threedays 
beforehand so as to bring the fuel bed to an average working condi- 
tion, that is, with an average amount of carbon in proportion to ash. 
Then a comparatively short run, provided great care was taken as to 
the fuel depth, would give fairly reliable figures. Otherwise, when 
drawing on a fresh fire and making a run of only twelve hours, it 
would be nece ssary to pull the entire fuel bed at the end of the run 
and analyze the contents for carbon and ash, in order that any sort 
of accuracy might be obtained. 

2 In one of the author’s tests, instead of 34 lb. of coal per sq. ft. 

of grate area, 8 to 10 Ib. would be a normal figure, as 34 |b. of coal per 
sq. it. is entirely impracticable for anything but a very short run on 
American fuels In this test a large part of the coal originally in 
the producer was apparently burned to ash, and its consumption was 
completely left out of the test, causing very erroneous results. 
3 Attention is called to the fact that the ash content in the ashpit 
is practically much less than the ash content of the fuel, as shown by 
analysis. The balance of the ash is undoubtedly in the fuel bedand 
its presence there entirely upsets the basis of calculation for this 
paper. It is safe to say that a two days’ run would have given a 
reversal of the first day ’s figures. 


H. H. Supter. I would like to speak of the unreliability of an 
orifice as a means of measuring. Only this morning a member called 
my attention to the discharge of steam from a boiler in which the ori- 
fice and all conditions surrounding it were identical in several tests 
The amount of steam generated was measured by carefully weighing 
the water, double-checking it in tanks, and yet there was a variation 
of ten to fifteen per cent in the results, the steam pressure and the 
temperature being kept as uniform as possible. ‘This fact casts a 


doubt on the orifice as a means of determining flow. 


L. B. Lent. The hgures viven sbow that the draft through the 
producer was practically 14 in., and yet 38.8 lb. of dry coal was 
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burned per sq. ft. of grate area. Still, with this consumption the 
producer efficiency seems to ery good \ly impression is that 
this is a remarkable rate of cor ption in producers of large typ 
and I would like to know I the Common practice mn smaller 


sizes of produ ers 


H. F. Smirn. Regarding the conditions of the fuel already lis 
cussed it seems to me that the auth has presented the necessary 
evidence to show that th Maitions In the tuel bed were not the same 
at the end as at the beginning of the test 

2 In the graphical log in Fig 3, it will be noticed that the tempe! 
ature ol the gas leaving th producer at the beginning of the run wa 
100 deg. fahr., and at the end « the run somet! y over 13500 di 
fahr. The rate Ol gas production and fuel consumptio1 vere pract 
cally unilorm It Is evident that there was yn i { m mn 
ditions, otherwise this difference temperatu ld Lave 


occurred 


W. B. CHAPMAN Perhaps I can answer Mr. Lent’s question i1 


regard to the quantity OI coal g ed In produce Produce 
lurnace work are usually rated at 10 pe ernal d 

on Pe nnsyivania coal, but only 4 per sq. it. on Lilinols coal L’ 
best record I have seen tor /iand erated bitun jus COal Produc s 


was 16 |b. per sq. ft Vlechanicall gitated pl 


15 lb. to 30 |b. per Sq 11 


Z The question of the wnount Of anthracite coal that an 
casified Is very interesting hneineers Trom abroad say ft it OW 
or three times as much can be gasified as is the custom in this yunt 
| very gas prod iCcer lManula i I 1 this ¢ I I ~ A if? 
engineer in Charge has designed his first proauces el mue Lor 
small. ‘The more experienced manufacturers do not rate th pro 
ducers at mort than 10 Ib pe q 
3 It is strange that we cannot get the results said to be obtai ed 
in foreign countries. The difference must be in the coa 


Pror. R. H. Fernaup. In reference to the rate of burning 1 


l ( Irhing pt 
square loot of grate area, I desire to call attention to the | eh hgure 
shown by Mr. Garland. These figures seem to be vi inusual fo 
this type of producer even under the test conditions described rhe 
highest rate with which I am familiar in commercial operation 1 
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plant shows a daily rate of 33 lb per sq. 11 of fuel bed area per hour 


during 16 hours each day and 48 lb. during the ren ning S&S hours 
In this installation the producers are of the down-draft type, but 
even under these conditions this rate is, I believe, exceptional 

2 In reference to Mr. Chapman’s remarks about the manufac- 
turers abroad, |] would say that apparently a or them stipulate the 


type of coal that shall be used in their produce They specify that 


the coal must be of such and suel grade, non-caking and with only 
such and such a percentage of ash and tar \s nearly as I was able 
to ascertain, practically every manufacturer abroad has reached the 
Coneciusion that { = wise to designate definitely the coal to be 

> In on tion producer in Germany, operating on bituminous 
coal, I found that the successful manipulation of the plant was duc 
t act hree kinds of coal, mixed the proper proportions, 

e being us n other words, this type of producer using bitum 

ou ~ VAS entire { SLD Le nti I e pliant ol the manu- 

; ‘ d hard re sal ear n this count! 
( 0 OUAl ( ulred grades 

el Tors 1 reasona ( ( DCUSATIOI ] ( ( t plant 
tii ured ttent hn. 

| N | I | rat ] i 1produe I i> ng anthi 
‘ ) if ) | ? ] } ‘ ) Thy ( 9 ~ / en tons 
} 24 hours, wit! producer 7 ft. in diameter, is about the maximum 
for No. 1 buckwheat coa Lhis equal per sq. It. of grate sur 
Cs ane er hou 

2 Bu oe West eC n producers, es y Hocking Valley 
coal, a hig te ol ce istion is obtains I | e operated pro- 
qaucers continuously tor a considerable pe di at the rate of 42 ll 
pe sq. It. OF grate surtace I} s with a large percentage of steam 
Im the i ils W1IThN mechanica ish extractor the tuel bed cing 
thus kept we igvit ited 

2 Venturi meters give vet iccurate results in the measurement 

both gas and steam, much more accurate tl in the simple orifice 


j i ro 
Luc Inder « Ission Was designed and intended for intermitter 
= e ony 1 " if Lot uitable fe ins of greater than 12 to 
Is } ul i rat } ' ] ety bye ma 31Ze of the producer and 
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the absence of charging bell, water-sealed ashpit and mechanical 
means for agitating the fuel bed. 

2 Owingto the small size of the p oducer and the absence of means 
for thoroughly cleaning the fuel bed from time to time, as above 
noted, the accumulation of ash toward the end of 12 or 15 hours of 
continuous operation is so great as to necessitate such thorough 
cleaning as seriously to lower the heating value of the gas. 

3 From the foregoing it will be evident that our test corresponds 
to the condit ons under which the producer is normally operated 
Owing to the thorough cleaning of the fires before starting the test 
and the removal of the ash from the grate, a large quantity of green 
fuel is brought into the path of the outgoing gases, resulting in their 
being cooled. At this time, the temperature of the fuel bed is also 
lower, as indicated by the analy sis of the gases over the first two hours 
of the test. The heating value of the gas is not lowered, for two r¢ 
ons: first, the descent of the green fuel into the path of the gases 


results in the distillation of the CH, and other heavy hydrocarbons 


secondly, an increase in the percentage of hydrogen results from the 


lower temperature of the fuel bed. 

| At the close of the test the fuel bed was evidently at a higher 
temperature than at the start. This resulted in increasing the un- 
accounted-for loss in the heat balance, but its extent (estimated from 
the results of a number of tests) is about one per cent for the present 
test. This, it is believed, explains the condition pointed out | 
Mr. Smith. 

5 Professor Fernald and Mr. Tait call attention to the probabl 
inaccuracy in determining the weight of coal fired on the test. We 
have recognized this source of error, and in Form 2 have included suc} 
items as give proof of the accuracy of the work through the stoich- 


lometric relations. \s the full import 


ff these items has evidently 


not been realized, we will amplify them 


6 First, to determine approximately the purely mechanical error 
in estimating the weight of coal fired during the present tests, the 
producer was filled four separate times, and the weight of coal re- 
quired was noted in each case. The average of the four weights was 
taken as the mean or true weight of coal required to fill the producer 
The results are given in Table 1, herewith. It will be seen from this 
table that the maximum variation from the mean is 8.75 |b., or 1.7 
per cent. This in the test under consideration represents an errot 


of probably .3 per cent. 
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7 Mr. Tait seems to think that the presence Ol the ash in the fuel 
bed ~ upsets the basis of calculation for this paper.” The total 
weight of ash in the dry coal is 776.5 |lb.; 13.17 per cent 102 |b 
of which 52 lb. was taken out in the ash and refuse, leaving 50 lb. 
remaining in the fuel bed. This would seem to indicate an error of 
6.5 per cent, due to failure to remove this ash. Since the ash is soft 
and fine it would pack into the interstices between the coals so that 
its volume would by ho means displace the same volume of coal 
If it displaced one-half its volume of coal it would cause an error of 
slightly over 3 per cent. It is probable that its presence caused even 


less error than this. In order to bring out the different errors we will 


inalyze the conditions existing on the test 


S It is probable that the composition of the producer gas on leav- 
ig the scrubber, and at any two points in the cross section of the 
main, is the same. In order to eliminate such an uncertainty, how 
ever, we have taken the gas for our samples simultaneously from 
different points in the cross section of the main and at a point beyond 


the serubber by means of the sampl ng tube illustrated in the papel 


These samples were taken continuously over the period of the test 
both for analysis and for the calorimeter. The heating value of thi 
gas, as computed from analysis, is 138.1 B.t.u. After corrections 


were made for the error in the meter, the error due to the vapor pres 
sure of water, and the error due to radiation and conduction into the 
calorimeter, the heating value of the gas as determined by the Junker 
calorimeter was 137.3. Since the heating value as determined from 
two separate sampl S Ol gas, by two inde pendent methods, and by 
two Inde pendent observers, checks within 1 per cent, it must be ad 
mitted that thi sampling, the analysis and the heating value of thi 
gas are probably correct within less than 1 per cent. 


Q The volume of gas generated by the producer was measured by 
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a Westinghouse meter, guaranteed by the company to be accurat 
within 2 per cent. However, as a further precaution, the meter was 
carefully recalibrated and was found to be accurate within this limit 
A ealibration curve was plotted from the calibration, so that the error 
in determining the gas volume must have been within 2 per cent 
and was doubtless even closer than this 

10 Asshown by a number of tests on the present fuel, the coal wa 


fairly uniform. A sample representing about 15 per cent of the coal 


fired was mixed and quartered until about eight or ten quarts remained. 


Phis was then ground, and again mixed and quartered until sufficient 


to fill a quart jar remained The heating value from this sample 
as determined by the calorimeter was 13,040 B.t.u. per Phi 
mean of eight determinations on this same fuel showed a heating 
value of 12,900 B.t.u. The probable error in the analvs 

sampling the fuel, judging from the heating value, is doul ot 


greater than | or 2 per cent. 

ll We have noted the volum vas computed from the analysi 
of the coal and the analysis of the gases in Form 2, Item 126 Phi 
volume is 56,200 cu. ft. of standard eas, while the volume as actually 


measured by the meter, corrected for the vapor pressure ot wate! 


57,500, showing a discrepancy of about 2.3 per cent. The volume 
determined from computation was obtained from the formula of 
Item 126, Form 3. It is based on the fact that the weight of carbon 


in the coal fed to the producer must equal the weight of carbon appeat 
ing in the producer gas, plus thi earbon lost in the ash, plus the carbon 


lost in soot and tar, plus the carbon lost by the absorption of CO, and 


CO by the scrubber water. The carbon lost in the ash is readily ob- 
tained, the carbon Lost ith Lhe SOOT I | It UI I> hot OVE! De! cent, 
while the carbon lost through the absorption of the gases by the serub 
ber water is also very small. 

12 It may be well to comput tl roon the gas and compare 


this with the carbon led to the produ | nthe coal Wi Will COl 


pute the latter first. Che tota min the coal is 0.7984 x 776.3 
620 lb. The total carbon in the h is 0.388 x 85 33 |b The 
carbon that should appear in the ea therefore 587 |b The tot 
weight of vas from Item 131, Form 2 3912 Ib 
( arbon in ( , ot gas 0.0716 12/44 3912 ib.4 
(() Q. 2925 12/28 912 190.5 
(‘H  O112 s/4 Q12 > 2 
“OQ 7 
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12 100 
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| 4 r { } 1 +} . lime 
mav be an error of 1 per cent In the mete! whi e above volume 
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Ther I iv I ( peen ] 1 een ¢ i? oO} ost ry tive SOOT ind Al 
put not more t} » TI ThHeEre 1 } oO} ty ne! mn tne wWaly- 
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| 
{ 
{ 
() 
e tot { the results « thet { \ id feet the ecold-gas 
ether of the producer, 1 the abo eTTo!l re immed Y 
imu tive eqQuALs ‘ The prot byl error 1s 2 4 
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t hie rror i ! runt { ! r hie ( ne error il 
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~ ri? Tig i q*rs) itt 7 ‘ jo Li j ) 
| Tel ! Tif Tie 1 pare 11¢ at 1 ( 1 ( t) ) ert T hye 
’ ’ ’ | T ’ ’ ’ a y 
«*! ! i¢ ( | 1v rif i ict i { Ze) Th 
cent lf the rrors ea l ilat t} =t t rep ent a total 
ePTTO! on the heating ( it the] t 2 ent. and 
the tl cd i 11 ry @] } rol ‘ i! l t ri 
the tot erl in the heat it 6.S per cent me o 
these errol \ De ] SITLVE i l l ] Cx { Lhe pro i e error in 
thy bys ‘ala . pbout a; ry ert \s thy hye + } ‘ how 
; { t } 1 ' nt} no i} 
in unaccounted-ior Os t.4 per cel wout Lt per cen yg radia 
tion and conductiol thie tual error ul ring U! ) cif ivered 
to the producer on this test could not have e» eeded 4 per cent Wi 
have theretore been able to run tests OF sucl duration as to reduce the 
probable error in filling the pro icer to 2 or 3 per cent furthermore 
we beheve Ul esults indicate that they ir’ LDO the average 1n 
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accuracy for this kind of work, as we have seen very few tests on pro- 
ducers that would stand the above analysis. 

14 As Professor Fernald and Mr. Suplee have pointed out, we 
have found the use of the thin plate orifice for the measurement of 
steam not altogether satisfactory. As the heat supplied in the steam 
on most of our tests is small, a large error is permissible in the measure- 
ment. Our aim has been to vary the pressure on the orifice so as to 
keep the hydrogen content of the gas practically constant. It might 
be well to state that the orifice was used only while we were obtain- 
ing a new vaporizer for the producer. 

15 We have found no tendency in the anthracite coal to swell 
We believe that this is a property ol bituminous coal containing large 
quantities of moisture and of hydrocarbons. 

16 As the quantity of air does not enter into the computation 
of the more important quantiti s, it was computed from the nitro 
gen in the producer gas. The formulae for this computation are given 
in Form 3. 


17 The difference in the efficiency bas don dry coal and the effi 


cleney based on combustible, as noted by Professor Fernald, is duc 
to the fact that we have used the word combustible as defined 
Form 3, Item 54. This takes into account the grate efficiency. The 
result is that the efficiency based on combustible corresponds to the 
efficiency based on 100 per cent grate efficiency. It is used for thi 
reason that it is often desirable to show relations between efficiency 
and other quantities that are independent of the grate efficiency 

18 The amount of coal burned per square foot of grate area Is 
very variable quantity and depends upon the size of the fuel, the kind 
of fuel, the nature of the ash, the amount of water supplied, the pro 
portions of the producer, the operation and the length of run. 

19 For intermittent work, such as the present producer is adapted 
for, and with coals containing an ash infusible at temperatures unde: 
2300 deg. fahr., it is possible to operate at several times the capacity 
possible with coal containing a fusible ash which necessitates a low 
fuel bed temperature. 

20 The rapidity and extent of the reaction of CO, on incandescent 
carbon depend upon the temperature and upon the catalytic action 
of the fuel. At a given temperature and an indefinite time of con- 
tact of gases with the incandescent carbon, a definite amount of CO 
and CO will be formed. The lower the temperature the less the per 
cent of CO formed and the longer the time re quired for equilibrium 
so that with low temperature in the fuel bed the time of contact of the 
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gases with the fuel must be greatly increased. The same is true for 
the reaction of water on incandescent carbon. Harries! passed water 
vapor over incandescent carbon at different te mperatures and obtained 
the results given in Table 2. These results show the effect of temper- 
ature upon the water-gas reaction. Due to the low temperature, thi 
CO, is high, the CO is low and the ratio of water decomposed to 
water supplied is small. The latter fact, in the case of the producer, 
results in lowering the efficiency, as the undecomposed water carries 
out a large quantity of heat. 

21 The curves of Fig. 1, herewith, taken from Dr. Clements”? work 
on the rate of formation of CO in gas producers, illustrates the effect 
of the time of contact expresst din terms of ve locity in feet per second, 
upon the amount of CO formed in passing CQO, over incandescent 
anthracite coal. Ata temperature of 1100 deg. cent., and a time of 
contact corresponding to a velocity of 1 ft. per sec., 11 per cent of 


(°O is formed If the velocity is reduced to 0.1 ft. per see., so that the 


time of contact Is Increased ten times 70 per cent of | () is formed If 
in indefinite time of contact is assumed, equilibrium is reached at 
| ) LEM ] 
i Hf 
4 
} 44 
this temperature with 90 per cent of CO formed This illustrates 


why it is necessary to use a small rate of combustion per square foot 
of grate area, due to operating with coals requiring a low temperature 
for the prevention of clinker formation 

22 Ifinthe example just cited the temperature had been 1300 deg 
cent. in the fuel bed, 70 per cent of CO would have been formed 
ata ve locity of 0.5 ft. per sec. The time of contact would have been 
reduced five times, so that the rate of combustion could have been 
increased almost five times without appreciably changing the com 
position ol the gas or the cle pth of the fuel bed. 


23 In the case of our tests with the Scranton pea coal, we have 


t Habers, Thermo-dynamics of Technical Gas Reaction, p. 138 
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been able to vary the coal per sq. ft. of grate area from about 10 |b 
to 45 lb., without appre ciably affecting the efficiency of the produce 2 
At the higher rates of combustion, however, the producer requires 
much more attention. If it were not for the fusion of the ash, the 
weight of coal per square foot of grate area could be increased in- 
definitely by the use of a blast and a sufficiently deep fuel bed. 

24 The term “coal per square loot of grate are a,’’ as used in pro- 
ducer practice, is not, we believe, a true basis of comparison for the 


operation of different producers, for the reason that the coal per 


wD ~~ 
I 
| VeLocity or GAs IN ] > l 
square toot of grat area adenenas to a certain extent Updo! Lhe 
depth of thi fuel bed. lor this reason, largely, we | e used erl 
bed.” or “coal p 


“rate of de scent of coal throug! the tue yet 
of fuel bed per hour,” which appears under Items 70 and 71 i 


Vorm # 
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By J. R. Binsins, Pusnisnep in Tue Journat ror Decemper 1909 


Ly IN¢ TP SSTON 


G. M.S. Tarr. The results reported in this paper are entirely in 
accord with what we have found, namely, that the gas of the lesser 


British thermal units is much more satisfactory for engine practic 


In other words, the efficiency of a gas of 90 B.t.u. is proportionately 
double that of a gas containing 600 B.t.u. per cu. ft., the gases in 
question being respectively blast-furnace oAaSs and gasolen Vapol 

2 I would like an expression of opinion as to the reason for this 
vreat discrepancy in efficiency between the two gases, my own opinion 
being that the excessive normal losses are due to the sudden high 
temperature developed in the gas of high B.t.u., which is greater 


than can be handled by normal piston speeds 
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3 The tar washer used in this test appears to be a succession of 
water seals and I would like to know what would be the total fric- 
tional effect of these seals under normal conditions and on full load. 

tf In all producers properly designed the thermal efficic ney 
appears to remain constant between 20 per centand 190 per cent load 
I can confirm Mr. Bibbins’ experience as to the action of this par- 
ticular class of fuel and its desirability for producer work. 


Pror. R. H. Fernautp. Mr. Bibbins places as his first essential 
requireme nt ‘continuous operation 365 days per year,” and states 
that any departure from this condition means reserve equipment 
He also states that the condition for producer operation must parallel 
steam boiler practice. 

2 It is undoubtedly true that a producer which will operaté 
continuously 365 days a year would prove a splendid commercial 
proposition, but it seems to me that in the requirements outlined the 
conditions imposed are much higher than those of any steam boile1 
plant and are beyond practical requirements. Every plant of any 
size must necessarily have one or more reserve units, as no plant can 
operate continuously 24 hours a day 365 days a year. If the producer 
described by Mr. Bibbins can approach this operating condition, it 
will certainly revolutionize our present day power-plant practice 


It would seem advisable, in the light of the present development of 


gas producers, to impose conditions which are less severe. 

3 Relating to the adaptability of a single produc r to all classes 
of fuel, it is well to bear in mind that the government testing 
station has practically demonstrated the fact that almost any vari Ly 
and grade of our recognized fuels can be handled with more or less 
success In a given producer installation without change of details 
of design. It is questionable, however, whether such practice lends 
itself to the efficient use of a wide range of fuels. [t is probable that 
better results can be obtained by utilizing a producer type to cover 
ti certain range or variety of fuels and another plant of somewhat 
modified design for another range, 

t Mr. Bibbins refers to the excessive labor required by most 
producers. At the present time the labor re quireme nts are excessive 
for the majority of the plants utilizing bituminous coal. This labor 
however, even under bad conditions of operation, such as those 
involved when the fuel is one that clinkers badly, probably does not 
exceed that of the average steam installation, although the labor is 


of a somewhat different character. During the regular operating 
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period of the plant this labor may amount to very little; but at the 
close of a week, two weeks, or any leneth of operating period, in the 
commercial plants now in operation, cleaning may be an exceedingly 
dirty, hot and tedious operation. With the steam boiler plant the 
labor is more uniformly distributed. In spite of the more erratic 
and more violent labor required at times by the producer installa- 
tion, the total cost for cleaning, ash removal, ete., is probably within 
the limits of the average steam installation. 

5 Experience with a large variety of fuels leads one to question 
whether the treatment accorded one fuel in order to prevent clinker- 
ing will produce the same results with a fuel possessing totally dif- 
ferent characteristics. The impression from the tests carried on at 
the Geological Survey testing station is that fuels varying greatly 
In composition and in characteristics require wid ly different treat- 
ment. Thisimpression has been obtained from tests on a large variety 
of fuels, but the number of tests on each of the different fuels was not 
sufficiently large to warrant positive conclusions regarding this point. 
Muropean practice, however, seems to confirm this opinion, as practl- 
cally every producer manufacturer finds it imperative to specify 
coals of certain characteristics for use in his type of producer and 
does not guarantee the plant on fuels outside of this class. 

6 In the discussion of the results the point is brought out that 
with Texas lignite the rate of combustion in this producer can be so 
Increased as to pe rmit the same rating of the producer as when oper- 
ing ona high-grade fuel. Note is made of the fact that a charging 


27.2 |b. per sq. ft. per hr. was obtained with this lignite. An 


rate ol 
Installation in Texas, which I visited a year ago, consisted at that time 
of three producer units of 1100 h.p. rating each, or a total of 3300 h.p. 

7 Owing to the character and high percentage of the ash, together 
with the excessive demands upon the plant each unit was cleaned 
every third day, or, what amounts to the same thing, one unit was 
cut out of operation during a part of each 24-hr. day. It required 
eight hours to cut out the gas from a given unit, to clean thoroughly, 
rekindle fires and cut in the new gas. During each 24-hr. day, then, 
the full plant capacity, rated at 3300 producer h.p. was in operation 
16 hr., while only 2200 producer h.p. were in operation the remain- 
ing S hours. During the entire 24-br. period, however, according to 
the operating records, the engines were developing 2800 h.p. The 
operating records also showed that the fuel consumption per square 
foot of fuel bed area per hour amounted to 33 |b during the 16-hr. 


period and 48 lb. during the 8-hr. period. 
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8 The statement is made that the economy of less than 1 lb. per 
b.h.p.-hr. is probably below previous results in bituminous producers. 
It is assumed that thisstatement is not intended to cover the tests 
at the government testing station, which has reported a number of 
instances in which the consumption varied between 0.8 lb. and 1 
lb. per b.h.p.-hr. 

9 Mr. Bibbins states that perhaps the most important result is 
tar-free gas. It is undoubtedly true that tar-free gas is eagerly 
sought in all cases in which the gas is to be used in engines. In 
my own mind, however, it is somewhat questionable whether tar- 
free gas, as reported in this paper, means that the gas from any and 
all fuels used in this plant would necessarily be free from tar.  Experi- 
ence with a producer of somewhat different design shows tar-free gas 
with the majority of fuels, but in the case of certain fuels the results 
are quite the reverse. If the producer under discussion can produce 
tar-free gas from any and all varieties of fuel, it is certainly a de- 
velopment in the right direction. 

10 In the closing paragraph of Mr. Bibbins’ paper the impre ssion 
is conveyed that the steam boiler units of 2000 and 3000 h.p 


i 


found not infrequently, and that producer units are small in com- 


are 


TABLI HOWING CAPACITIES OF PRODUCER-GAS POWER PLANTS 
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parison with the usual boiler unit. In my opinion the condition at 
the present time is quite the reverse of this. In European practice 
it is not uncommon to find producer units of 1250 and 2500 h.p., and 
in the United States units of considerable size are in commercial 
operation, as shown by the accompanying summary of the producer- 
gas power plants operating in June 1909. There are undoubtedly 
over 500 plants in operation, as the list includes 474 

11 It is true that many of these larger plants are made up of 
several units, but an inspection of the original data shows the follow- 


ing single units of 500 h.p. or more: 


H.P No HP No 
HOO | (HW) 10 
625 6 L500 ] 
TOO 3 YOO 7 


One single unit of 3,000 h.p. and one of 4,500 h. p. are reported, but 
these figures have not been verified. 

12 It is interesting to observe that about 88 per cent of the total 
number of installations in the country are operating on anthracite 
coal (a few using charcoal or coke) and that bituminous coal and 
lignite are used in the remaining 12 per cent. It is not strange, 
therefore, that the majority of plants are at present made up of 
relatively small units, although the number of large units is rapidly 
increasing as bituminous plants are becoming more common. In 
point of size the bituminous plants at present average 124 times th 
size of the anthracite plants. Of the total hors« power approximate ly 
57 per cent is derived from bituminous coal and li mite, and 45 pel 
cent from anthracite coal, charcoal and coke 

13 Although in large central stations there are many operating 
advantages in relatively small units, yet it is believed that in the 
juipment of 
much larger capacity. A consideration of the fuel resources of the 


near future central station development will demand e 


country indicates that in order to keep the price of powel deve lope d 
from fuel down to a consistent figure 
a Grades of fuel which warrant transportation, or which may 
be defined as “marketable,’’ should be used with the 
greatest practical economy. 
b The very large percentage of coal of so-called low grad 
which today is left at or in the mine must be utilized. 
c Advantage must be taken of the large deposits of lignite 
and peat which are found in many sections of the country. 
[t is undoubtedly true that in general, under conditions which do 
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not require the use of steam for other than power purposes, the pro- 
ducer-gas power plant meets the requirements of a. At present the 
only method of advantageously handling the fuels mentioned in b 
and ¢ is in the gas producer, and the utilization cf these lower grades 
of fuel on an extensive scale demands concentration of large power 
units within close proximity to the fuel supply. 


; 


W. B. Cuapman. In Par. 3, among the different requirements 
for successful operation, is mentioned the prevention of clinkers 
I think the formation of clinkers can be avoided by the prevention ol 


blow-holes or chimne ys which allow the air to blow up throughb thie 


fire bed, making hot spots. The average temperatur 
hot zone in a producer is seldom high enough to produce clinkers. It 
is only in the neighborhood of the blow-holes that a sufficient t¢ mpel 


h temper 


ature is attained to form clinkers. If the excessively hig 
ature necessary to the formation of clinkers existed throughout the 
peoducer, a clinker a foot or so thick would form immediately across 
its entire width. When ashes are melted they tend to run together 
forming a clinker. The way to prevent this is to agitate the fuel bed 
continually, just enough so that the molten ash running down cannot 
take a permanent set in large masses, but is constantly kept in sma 

pieces. 

2 The successful producer should keep the fuel bed at an even 
temperature and uniform density throughout any horizontal plane 
(f there is a lesser density in any particular spot, the air blast immed- 
lately makes for this spot, causing an uneven temperature To 
obtain this uniform density and temperature I believe that it is neces 
sary to use some sort of mechanical agitation by hand method 
no man or group of men can maintain a fuel bed of uniform dens 
and temperature throughout any given horizontal plane long enoug! 
to get satisfactory results from soft coal. 

3 Another point is that the successful producer should be mad 
In a variety of sizes. The principles used in the producer describe 
do not seem to admit of such vari ty If this producer is of lat 
diameter, the draft will go down the walls rather than in the middk 
and the upper zone will not get hot enough in the middle to drive the 
tar out of the coal. If the tar is not removed by high heat in the 
upper zone, it is sure to get to the engine. 

t A successful producer should not require a delicate ly balanced 
draft, for the “balance” is often difficult to maintain. Uniform 


density in the two zones is imperative in double-zone or balanced 
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2 In regard to the prevention of clinkers by keeping the contents 
of the producer in motion, that solution was adopted in the Kitson 
producer ten or twelve years ago, by means of an inclined grate which 
was made to revolve slowly. As a result the contents of the pro- 
ducer were kept moving up and down, and at no time did any clinker 
form. The producer was discontinued, but for other reasons. Thi 
inventor of that apparatus based it, he said, on the idea that running 
water would not freeze, and that in the same way, any substance 
would be prevented from solidifying by keeping it in continua 
motion. 
3 It must be remembered that in the operation of gas engines, 
but 


rather the value of the charge actually delivered to the eyinder; ana 


the calorific power of the VAS produc d Is not the CSSf ntial t} ing 


this can be made almost anything which may be desired, the propor- 


tion of air being regulated according to the richness of the gas so as 


to give a charge of practically constant heating \ alue 


E. N. Trump. In making tar-fre gas all of the valuable by proa 
ucts are destroyed. If Mr. Bibbins proceeds to burn up thi 


products from the gas in the centre of his producer, he will lose fror 


0 to OO lb Ol sulphat 


tT ammonia per ton of coal, which would pa 


for a large part ol the coal used 1n his produce ll it were recovered 

2 As to continuous operation: We have had one plant burning 
from 150 to 155 tons of coal per 24 hours, in continuous operation for 
the past ten years; the pressure has never been off that plant but 
once, and then for a period of two hours. 

3 If the fuel bed in the produ er is agitated, and pl nty of steam 
provided, clinkering is almost entirely prevented. Agitation can 
be produced by continuously extracting the ashes at the bottom 
thus uniformly loosening the bed. Even with a very deep bed 
almost no poking is required 

4 Our experience has been with Hocking Valley coal, whic! 
will not coke. With coking coals it is more difficult to prevent th 
clinkering, but the agitation by the special mechanism for removing 
the ashes prevents clinkering to a great extent 

H. F. Smirn. While it is of advantage to run continuously, st 


at A 


in most plants it is desirable to start and stop the engines. Th 
majority of manufacturing plants run from eight to ten hours a day 
and it is of equal importance to be able to shut the producer down 


and to start up again in the morning with a reasonably uniform con- 
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ECONOMICAL FEATURES OF ELECTRIC MOTOR 
APPLICATIONS 


By CHARLES Rossins, East Pirtssut 
Non-Member 
The principal object of this paper is to show, by figures and curves, 
sed Ipon actual tests and investigatiol tT @XiIsting installations 
how a problem in motor drive can be handled in order to show its max- 
um econon It will endeavor to how that the nourly cost 
if operatio} dependent upon the characteristics of the various types 
whine tools, from the standpoint of power and time required. 
he | and time factor of the tool will be taken into account and the 
nce of this factor on the cost of production. Data are also given 
von the electric-motor equipment nachine tools, with suggestions 
rr its standardization 
» There are certain types of tools in which the operations to be per- 
ormed require constant speed, for which service the constant-speed 
ype of motor should be used. Other types of tools call for a cycle of 
duties, in which the range of speed may vary almost from minimum to 
maximum conditions. In these cases the adjustable-speed type of 
motor should bi ed for the greatest econom There are, therefore, 
n a single shop two distinct service conditions calling for different 
oe the motors to the tools 


types of motors, different methods of applyin 


rol. 
le, these conditions can be met by 


3 Where direct current is available 
both a constant-speed and an adjustable- 
othe r hand, 


ind different methods of cont 


the direct-current motor, 1. 
? (on the 


available for 


machine -tool work. 
illy a constant-spet d machine. 


speed motor 1s 
is essentk 
tor varying 


the alternating-current motor 
At the present time no commercial method has been found 
the speed of an alternating-current motor in such a way that it can be 
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lishments will be furnished by central power companies, either those 
which are formed for the purpose of furnishing power only, or those 
which are regularly organized as public utility companies, furnishing 
both power and light. To this latter type ot existing central powe! 
stations the day load supported by power service to manufacturing 
establishments is particularly attractive. 

‘ \s most communities contain both manulacturing plants and 
central station companies, we look forward to an immense dev. lop- 
ment of central power service, to be used by large manufacturers as 
well as by the small rones., lor this reason we suggest that the class 
of service, 1. e., the characteristics of the current supply, should be 
taken Into account when making standards for the operation of metal- 
working tools. 

9 Phe steam railroad COMPaniles as a ¢ lass have been to a consider- 


] 
| 


ible extent the largest single purchasers of machine tools, and it is well 


to consider the power requirements of such classes of purchasers when 
clare ng upon os | standard OL motor equilpine hts tor tools. 


LQ for some vears it has been the almost universal practice ol 


l 


team railroad « OMLpAriie stoinstall alternating-current generator « (julp- 
ment In their power stations; these are principally of the turbine type 
argely for the reason that their requirements are to a considerable 
extent similar to those of the central stations of power Companies 
They are called upon to distribute current for lighting their train sheds 
Stations and yards, and power for operating turn-tables, transfe1 

Hes, ete., and for the operation of their repair shops, which usually 
consist of machine and wood-working divisions. Because of the sim- 
pheitvy and the great desirability of alternating-current motors, the 
railroad companies have adopted them almost exclusively for constant- 
speed service, as exemplified in the machinery of their wood shops. and 
Muscellaneous power purposes, such as pumping, operation Of tans 
driving incidental sections of line-shafting for supplying power to th 
smallest types of tools, on which it would be inadvisable to employ 
individual motors, and to tools requiring constant-speed motors. 

1] For tools whose operation calls for adjustable sper d, the stand- 
ard practice is to employ direct-current adjustable-speed motors, using 
a controller conve niently located to the ope rator in such a way that the 
Variation from minimum to maximum speed can be made with great 
facility, therefore affording a ready means of obtaining the maximum 
Output for which the tool is designed. 

12 It will be evident from this practice that two kinds of current 


are ¢ mploye dl alte rnating current for the primary and direct current 
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lor all secondary operations. To transform from alternating current 
to direct current, either a rotary converter or a motor-generator set is 
employed, the specific selection of one or the other depe nding som 
what upon local conditions and thi class Of supervision available for 
the operation of the outfit. 

13 The same scheme of operation can be very advantageously 
employed when using central station service for the operation of 
machine shops or metal-working establishments in which machine tools 
are employed. Such a standardization of tool equipments by the tool 
builders and the motor manufacturers would tend to place the opera- 


tion of metal-working tools on a mort economic basis, in that it would 
enable better tool equipments to be designed with a definit. certainty 
that the motor requirements could be forecasted. As it Is Now, a ver 
conside rable risk IS Involve d In cle Signing tools in advance Ol orc rs 
few companies manufacture motor-driven tools in larg: quantities and 
the public is thus « alled upon to pay a higher price because of a lar k of 
standardization 
L4 On account of the fixed conditions of « ntral station servic 

almost universal for the service to be 60- yecle, 5-phase, and as the 
transmission line is of relatively high voltage, transformers will be ne« 
essary at each industrial plant, and the voltage of the motor installa 
tion can thus be suited to the re quirements, In metal-working estab- 
lishments, where the motors can be located on the tools. or to some 


extent in close proximity to the metal structure, it IS desirable to u 


i i al int 
relative ly low potential, say 220 or 440 volts Thus in a measure 
there has been established automatically a standard for alternating 
current service, consisting of 60-cvele. d-phase, 220-440-volt, this 


standard by ing that used by MmOst oO} the largest singel pure hase rs ol 


itl 


metal working tools, Il. e the ste ill railroad companies 


15 By the adoption of standards which conform with the centra 


station supply service, it is evident that even in the case of verv larg 
manutacturers who have their own isolated powe1 plants, use can be 
made of a so-called break-down connection with the central Station 
power company, as an extra precaution to insure continuity of service 
This break-down connection can be made available only when the se 
vice supply is uniform with that employed by the isolated plant 
Connection to a central powel company would prove a ve ry great 
advantage to a manufacturer for overtime work, when but littl power 
is usually required, or under conditions when but a small percentage of 


ools are in Ope ration as it would 


ermit closing down the isolated plant 


and the operation of the limited servic from the outside power system. 
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16 This standardization of tool equipments would also enable 
existing manufacturing plants not equipped throughout for electric 
driving, but requiring the service of machine tools, to make trial instal- 
lations of motor-driven tools or of a rapid-production tool, in whicl 
much of the advantage to be : ained is due to the motor drive 


ANALYSIS OF OPERATING CONDITIONS 


17 It Is only recently that data have been a’ abie I how eyona 


i machine SHop is driven Dy 1 belt Irom engin 1 | 
from lineshaft to machine tool, it is difheult to determine wit! 
cle ores of exactness the length of time any part eular tor is in opel 


tion, or the average time of operation during the workin 


LS With the installation of motors on lineshafts, it be nie ¢ eC) 
that the total horsepower capacity of motors was much in exce rt the 
power generated in the power station. This ratio is sometimes three 


to om other times possibly four to one. 

19 As individually driven tools are adopted it is noticed that the 
total horsepower capacity of all the motors connected to the service 
grows very rapidly, and that the ratio of the connected capacity to thi 
power supplied is often as high as five or six to one, indicating that the 
time-load faetor of the average mach ne t ol is relatively low 

20 This apparent difference between the connected capa 

and the demand on the powel station has led to a careful ana 
SIs on the part ol the motor builders to detern ne exactly the leneth of 


ne Tools Can he ( xpected Lo he in operation 


21 \n analysis which took into account the tim f lo ! 
utting, unloading, and other delays occasioned by 1 ( aL 
auses, showed conclusively that it was not necessary to use a conti 
ously rated motor: in fact, an intermittent rating on the motor for 
period not exceeding two hours’ continuous service answers for almost 
all kinds OT mac hine tool applications This nowl adage ena edi the 
motor manufacturer to build a more economical motor, one of smaller 


’ 


size, and consequently reduce tie expense of applying motors to 
machine tools. The present-day tool equipment ought not, therefore, to 


he much more expensive, if any than that of the belt-driven tool, when 


equipment Is considered 


the cost of belting, shafting and power hous 


22 When machine tools are equipped with individual motors, a 


graphic recording meter may be connected in the motor circuit, mak- 


ing it possible to have a complete log of the operation of the particulai 
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tool during its time of service. The chart furnished by the graphic 
meter will show the time of loading and unloading the tool, the time 
of cutting, all delays due to stoppage for one cause or another and 
the amount of power to operate the tool, which is a direct function of 
the work done. 

23 Fig. 1 shows a graphic recording meter by which interesting 
tests have been made in studying machine tool operations. Thi 


instrument is unlike an indicating meter, in that instead of a need 














hig. 1 Grarpnic RecordDInNG METER 


passing over an indicating scale, the meter is provided with a pen moy- 
ing horizontally, thus making a line on a properly graduated roll of 
paper. The paper is moved by clockwork, vertically, and at right 
angles to the pen, so that a permanent record of the magnitude and 
time of all operating changes is obtained 

24 Atimestudy can be made from each tool from these charts, and 


knowing the theoretical time for thi job an analysis cah be made of the 
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curve, furnishing Information that will enable the foreman to increas« 


the productive capacity by the elimination of delays. He will also 


know whether or not the tool has been working at its maximum capac- 


ItV, whether t he tools have been ke pt up to standard CONCITIONS and 


Tit di 


In general can apply the necessary re 


KcCONOMICS OF Moror Drive as DETERMINED BY THE ACTUAI 


PERFORMANCE OF THE TOOLS 
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large number of different types and sizes of tools. Under such condi- 
tions, the precentage obviously varies within wide limits for different 
kinds of work. 

30 \ satisfactory method of distribution is to set off against each 
tool its proportion of the total overhead charges. The portion charge- 
able to each tool depends entire ly on local conditions: and thorough 
amiliarity with these conditions is ne ded in order to apportion these 
charges equitably. In this way, the relative importance of eacl 
machine is taken care of. 

3] In a shop where only one type of article is manulactureqd 
the eastings are passed from one machin dir ctly to the next, a simpl 
and logical way is to divide the total overhead charge among the 
in proportion to the floor space charged to each tool. In the: orit 
of shops, however, the above simple condition doe Snot exist ‘ Oy? 
sizes and kinds of articles are usually turned out, and various sizes and 


types of tools, differing greatly in their operating characte: 
employed. In such case Ss, hot only must the floor space hy 
but also the time each tool is a tually in operation, the nat 
work and the amount of supervision and engineering attention 1 
oe Large shops handling different classes of materials are ly 
cases divided into various departme nts or sections, and ea 
May be consicde red as a separate smaller lactory The overh id 
charges against each department may thus be apportioned amon 


tools in proportion to the floor spac occupied, making proper 


ance tor spec ial local conditions, Or sper ial supervision or ecngimeet 
attention. Here again is required thorough familiarity with both th 


vi 


engineering and the shop features of the materials manufactur 
33 In our experience we have found the overhead el} 


approximately as follows 


sf) 
» I 
Intere 
Depre¢ on O1 { 
Fixed charge 
Powel! 
Ti letail 1 } 1 of arrix or at 4 o ral fio { | 
we Gaetan method Ol arriving at hese general figures is tound in 


\ppendix 5 
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DEFINITIONS OF TERMS 


34 In discussing the economics of motor drive there will be a num- 
ber of terms used which are here given with our inté 


rpretation ol their 
meaning 
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CONDITIONS ENTERING INTO THE OPERATION 


Ol A MACHINI POO! 


35 In order to obtain a maximum output from a machine tool, a 
carelu analysis must be made of all the conditions ent ring into the 
ope ration ol the LOO! (rie method ol doing this in the case OI @a motor- 


driven tool is to take power readings at frequent intervals and lay 








JOO 


these out on 


method is the ¢ mploy ment 
designed to make a graph Cu 


ring in the service when sucl 


tool. 





ete 
36)~«~Fig. 2 shows 


shown IT) lig 


hig. 3 are letter 


as indicated by the ti 


tical ¢ oOrdinate 


rent at 220 volt 
extreme right, 


standing idle. 


was placed in the chuck of 


= corresponds 


37 »=©During th 
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Another and a much more convenie) 
litable meter, as already described 


rve, showing the exact condition occur- 


meter is applied to any motor-driver 


= | 

| i < 
; i | 

] 

| 


x ~ | 
I 
auned while shatts of the din 
| ] D4 ) 
rom machinery steel Both Fig. 2 and 
Phe records read fron o} O 


to ll-kw. input to the motor \t tl 
ates Zero power; tl it is. The motor w 
rked change,” the stock to be turne: 


abhe, Ata the current increases fo! 
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very short interval to about 3 amperes, while the lathe was running 


idle. The current then suddenly increases to about 30 amperes, du 


to the fact that the cutting tool was fed ag 


aimst the stock and the Cut 
started, Phe 


current remains at this value for a period of about five 
minutes while the « ut AB is taken. changing the diameter of the stock 
as indicated in Fig. 3. At 6 the current 


drops to thre« amperes, the 
motor running idle while adjustments of cutting tools are mad 
The ¢ urrent then inereases to BS amperes while the cut BC js taken 
At c the machine is stopped fO reverse the half-completed shaft lor 


machining the opposite end. \t e the machine is again started and 
t} 


© eurrent ners 


t 


ases TOD 


27.5 amperes while the cut ED is taken 
{nother adjustment Ql the diametey Is then made. the machine run- 
ung idle tor a short interval] From 8 to 10 amperes ar required when 
the final eut Ly s taken ater which the mach | 


L1yhe Is Stopped to remoye 


| } 
he completed shaft \ similar evel Is repeat 


peated when the next shaft 


rd shows three completed CVCles covering the time 
(i to compl l¢ thre shafts \t 11.15 “a.m before taking the 
idden fluctuations of current the 


lorm of the curve 


. — = 
“ee 
~ 
j 


CVCleS shows Clearly t} 


(> pared WIT! Other 


lat some trouble Was 
rhe'e hntered with the Cutting tool « I work, and the adjustments made. 
I ! ra also shows the cle lay rh Tide 
MS OF TIME A ) Wiel I \ LATHE OPERATION 
MI & - + 
Vi 
? I 
‘ uN , 
Ml { { Ml } 8 > . 
; i; ss { 
; H M 5 { 
M ; M ‘ ; ; 
Ml j M 


SY Table 1 is a summary of the data obtained trom the graphic 


record, part of which jis shown in Fig, 2. Observations of cutting 
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sper d and feed were taken at the lathe. The cutting sper d used while 
turning these shafts was 55 to60 ft. permin. The feed while taking th 
cuts AB, BC, and ED was 0.04 in. per revolution, and while taking cut 
DC was 0.077 in. per revolution The normal time to complete a shaft 


was from 27 to 32 min In cause Ol shalt No 1 the time was 62 mn 


this was the first shaft turned after Starting work, and preliminan 
adjustments, oiling lathe, ete., consumed 21 min.; 12 min. wer 
required to adjust th cutting tool In the case of shaft No 0, 54 
min. were required on account of a 27-min. delay Che amperes refer- 


red to in Table l are thos helow the »o» amperes required to run the 


machine idle; they are, therefore measure of the power required t: 
remove the meta Lhe Lime actor avel ges 05 percent Its MmMAXMINUE 
alu sO, per cent ind its mini! l! iui ) per eT) Thi rr 
factor is 20 per cent under normal conditior 

10 It must be obvious that, with a given rate « itting, the fews 
the delays, the higher will be the time fact: he magnitude of tl 
recoras 18 an mdication of the rate ot remo ne mera , De Turtiv 
explained 

+] By means this eter reco! 1) 
dela nd to check the rate of cutting me ose are the tv 
damental factors which determine the rat it o1 
Any deviation trom the indard « e of operation Is nee detect 
trom the torm ot the record (hse ! ting spec ! ‘ 
need take l l one ¢ ( Phere ! ! Tony I yt ( 

Ol hneretrol I will iis Mau evhe! e modtil | ! i! 
mprovement o1 a drawback to the rate of output | o and | = ) 
show two records taken on the same roughing lathe, operated | t hye 
Sari man, but turn ng two different shatt The shaitt turned while 
making the record shown in Fig. 4 was light, and could be removed and 
replaced in the lathe by hand. That turned when the curve in Fig. 5 
was obtained was heavy, and required crane servict The great 
ntervals between ¢ itting operations so apparent in the case of kig = 
were due to delays in obtaining cran Service to | inde the hea y Shatt 

12 Records taken during several days of operation showed an aver 
age of 5 min. longer time required for every change and reversal whet 
mace by crane This condition Was remedied soon after mak ne tive 
test, by installing a jib crane next to the lathe, and the time to cor 
plete the larger shaft was thereby reduced from 55 min. to 45 min 
saving in time and cost of about 20 per cent rhe overhead charg 


against this tool (see Appendix 5) was 60 cents per hr., or $6 per 10-hi 


day. ‘lhe operator received $3.50 per day, making a total daily 
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expense of $9.50. Before the jib crane was installed ten shafts wer 
completed per day, making the cost of actual labor and overhead tool 
charge $9.50 divided by 10, or 95 cents per shaft. \fter the improve- 
ment, 12 shafts per day were completed with the same overhead 


charge, thus re ducing the labor and overhead tool charge to 79 cents 


3) 06 Such a delay seems self-evident, after it has been discovered 
ut in a large shop where everybody is busy small delays are ea ily 
overlooked \n automatic recording meter reveals delays caused 
Vv grinding and replacing tools, ete., besides those just indicated 

14 =6‘The elimination of delay, however, is not the only advantage to 
be obtamed from the use of a recording meter Fig. 6 and Fig. 7 are 
meter records which show rates of cutting on a shaft with the dimen- 
sions given in Fig. 6 In Fig. 6 the cutting speed was 50 ft. per min 
The feed for cuts AB, BC and ED, was 0.05-in. per revolution, and for 
DC was 0.072 in. per revolution. The same feed wasemployed for cor- 
responding cuts in Fig. 7, but the cutting speed was 100 ft. per min 
It will be noted that the current above friction load in Fig. 7 is double 
that required for similar operations in Fig. 6. The saving in time is 
clearly shown \n analysis of records of this kind, taken over a period 

several days, gives a means of determining the most economical 
leeds and cutting speeds to employ on a given operation. 


LIME FOR ROUGHING SHAFT, EXTREME CONDITI 


15 Table 2 shows the time relation between the various operations 
in roughing the shaft, outlined in Fig. 6. Approximately the same 
conditions were found with shafts of other characteristics. The tim 
factor of lathe operation tor this class of work is there hy shown to vary 
from 25 to 65 per cent, the average being about 50 per cent. 

16 =An investigation by personal observations over ashort period of 


time often leads to erroneous results, as is shown by the following 
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experiments: In turning shafts on a roughing lathe, the first trial was 
with a cutting speed of 8O to 100 ft. per min., and a feed of 0.026 to 
0.044 in. per revolution. In the second case, a cutting speed of 40 to 
50 ft. per min. at a feed of 0.05 to 0.07 in. per revolution was employed. 
A single job could be completed in either case in 16 min., 12 min. being 
required for cutting. However, the average time per shaft, during sev- 
eral days operation, was 22.6 min., with the higher speed, and 21.6 
min. with the slowe speed Che same number of cubic inches of 


metal per minute was removed in each case; but with the higher speed 


more Irequent regrindmg Of tools was necessary resulting in rn 
delays and giving thi iower speed five per cent advantage Mm tim ay 
ing. 
SUMMARY OF THE 1 Ol] HE GRAPHIC RECORDING METI 
17 By means oO the OrTaphl recording metel tri ic W1hY® 
Improvements In shop management can be etfected: 

a If individual motors are used to drive machine tools, the 
exact percentage of total working hours consumed in actual 
cutting can be determined: it is found to average tre 
10 per cent to 50 per cent the maximum bvemme as high as 
from 60 per cent to 65 per cent where the cut is of long 
aduration; tlie mii ll from 20 per ce tft to o0) per cel 
where jobs ur hort nd the delay long in w: hg 
material draw nes 
ne meter reveals : lelays and suggests measures rel 
nating those not essential and reducing all others to the 
minimum, thus mate uly increasing the time Tactol A 
( Ss shown i be accounted for, and empt 

if ivok ! { OoOmmon delays al n onmel 
of the next Jol taining draw ngs, tools and other nec- 
essary materials nd in waiting tor crane s Vc 

( he rate of cutting indicated by the power consumption 
motor-driven tools can be checked with a recording meter. 


The maximum rate is limited only by the nature of the 


work, the strens machine tool and of the cutting 


+} + Th 


The rate for maximum economy can be determined for dif- 


erent classes of work: and the records, conside red as stand- 


ard, can be compared with other operations of the same 
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characte) TO ser whether thre proper r 


used. In a finishing operation the rat 


accuracy required \ record can be made whil an expert 
machinist does the job, and this reeord should be referred 
to when other jobs of similar character are machined 
1iS)~=6By the use of curve-drawing mete nd a careful study of the 
lat »btamed, the superintendent of shop in which the individual 
motor-driven system is emploved can set a limit fa ith to employer 
and employees, for roughing, finishing djusting and setting-up 
Different methods of doing the same job can be compared to deter 
mine which is the most efficient. 
19 he graphic meter need not be located near the machine to 
hich it connetted, but may be er th reman’s offices 
>) leads connected to a shunt, or to a series trar rmer, according 
{ vyhether direct current or alternating irrent emploved. are all the 
wiring required he wiring can be so arranged tl the connection 
of the meter can be readily transferred ne eral tools: thu 
i single meter can be made to serve a group, or any nu er of tools 
depending somew! pon th equency wit hich tl} ecords are 
r red 
1) So far we have dealt metiy with tl t require { l¢ 
whining operation, time being a most Important consideration wit! 
shop managers and those who use machine he wer consump 
tion, however, is also of some importance, espe ( requiring 
otors for machine tool operatior 
| | ECONOMY OO} KSI ) ) VID it | 
DRIVI 
a1 \n increase in economy of operation of manutacturing mact 
Cl Ciail be effected in two ways: first nv reducing the power require 
to operate the machinery, by saving of friction lo et econd, | 
reducing the time required for a given operation, or, in other words 
nereasing the output in a given tim When confronted with the 
problem of deciding between the continued use of an existing lineshaft 
drive, or an individual motor drive, or when deciding between the two 
methods for a new installation, the problem should be considered in all 
its phases, as outlmedin Table 3. This table includes every important 
Item to be considered, except orn ina ( ! case the divantage 


with the motor 
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enter the mind of most men, and this is the one consideration omit- 


ted from Table 3. That this consideration is relatively of mino! 
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Comparing the first cost is possibly the first consideration to 


COMPARISON OF LINESHAFT DRIVE AND INDIVIDI 1L MO . 
FOR MACHINE TOOLS 
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importance will be evident, when the saving in power consumption, 


and in time, made possible by mdividual motors, has been considered. 


SELECTION OF MOTOR AND TOOL EQUIPMENT 


7 ‘ 


53 «In the selection of a motor-driven tool, there are certain feat- 
ures which should be taken into account and propery analyzed. and 
specifications drawn to cover them If a tool is for specialized manu- 
facturing, there should be specified 
The exact class of work which the tool is to accomplish 
bh If the power required to remove the metal is not known, then 
astatement should be made as to the approximate feed and 
cutting speeds to he taken 
Careful analysis should be made of the time required to load 
and unload the machine, to determine the feasibility of 
employing auxiliary means other than manual labor for 
loading the tools 
rom this information, an approximate determination can 


be made as to the intermittenc, Of operation Of the tool, mn 


order to decide whether an mtermitte ited motor o1 
contimuously rated motor will be required 

e By aknowledge of the physical shape of the work, determi 
ation can be made as to whether al WiJUsSTable-speed 
moto! will result in economy of t rie r used oO} this partie 


llar Class Of tool 


Will enable the tool builder to determine upon the prope 


tvpe ot controtlier. and its most desirabt oOcation Irom al 

operating point of view for the workman 

f 
rf aspecial type of TOOL Is not Gesired and it is preterabtle to pul 
CHASE Oye Wit! such characteristics tl il iT ‘ il 1 USC LO! VoCnCTa 
manufacturing, one should determine as nearly as possible the range of 
material or work lor which it will be used in straight manulacturmeg 
' ; 

operations \ knowledge of this will undoubtedly permut of a bette) 


motor and tool selection, than the s Inple purchase OF a standard stor 


a» It should iM realized that una r present schemes Of operation 
few tools are In operation more than 50 to 60 per cent of the time 
whereas, the load factor of thos tools mav be as low as from 10 to 40 
per cent. Thus we have it brought home to us clearly that much of 
the time the tool is in idleness and is often operated much less than 
ItS MAXIMUIN Capacity. 
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56 The direct-current motors are built for speed adjustment ov 


a 
range of 1 to 2, 1 to 3, and in some instances 1 to 4. With the proper 
selection of controller the speed adjustments may be made in small 
increments of from 10 to 15 per cent, and since these small increments 
of speed adjustment are available, it is essential that a controller be 
selected of such type that it can be mounted conveniently to the opera- 
tor, so that he may take full advantage of them. 


od Where it is necessary to employ the alternating-current motor, 


it may be absolutely essential to employ a gear box to obtain the vari- 


ous speed adjustments. When such a machine is employed, the fine 
gradation of speed obtainable with a direct-current adjustable speed 
motor is absent, and the gear box will practically take the place of the 
ordinary cone pulley arrangement. It has, however, one advantage 
when motor-driven, and that is, that the tool is supplied with positiv: 
power at al times, and will take care of the maximum conditions wit] 
out slipping or loss of power, which frequently occurs when belt dh 

Is used In some instances it has been found possible to make good 
use of the so-ca led multi-speed alternating eurrent moto! 
form of motor consists in certain different types of windings, permit 
ting of a multiple method of pole grouping, such as for instance 
speed of 1800, 1200, 900 and 720 r.p.m., according to the method of 
winding the motor. In some cases this type of constant speed motor, 
when used in conjunction with a gear box, will permit of somewhat 
finer gradations of speed than are possible with a constant-spe 
alternating-current motor and a standard gear box 

58 While it is apparent that with the constant-speed motor all of 
the advantages of the adjustable-speed motor cannot be obtained 
tool equipped with either ty pe has the advantage to be derived fron 
the ability to obtain a graphic log of the time of operation of the tool 
With either type, in combination with a graphic recording meter, a 
distinct gain can be made over a belt-driven tool from which sucl 
graphic curves cannot be conveniently obtained. 

59 In \ppe ndix 5, there are the segregated charges, which must i 
some manner be taken into account in determining the cost of 
machine tool hour, not only including the workman’s time, but also th 
actual expense to a manufacturing establishment of havin 
equipped and ready to be used when the workman requires the services 
of such tool. ‘Table 2 of this appendix will show the range of the too 
hour rate, from which it is evident that it is far in excess of the labor 
rate for that tool; consequently any time which can be saved 


] 
im Keep 


ing the tool in its maximum productive capacity will far outweigh any 
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saving that can be made in the actual labor account. It is this one 
feature in which the motor-driven tool in combination with the graphic 
recording meter is destined largely to decrease the cost of machining 
operations when the records available by this combination are care- 
fully studied and proper remedies applied 


GENERAL CONCLUSIONS 


60 The economical operation of a machine shop requires a thor- 
ough analy sis of all the operating costs; that is, overhead and operat- 
ing charges of all kinds, and an accurate knowledge of the operating 


conditions of all machine tools. Investigations of these conditions 
must be conducted by someone familiar with both the engineering 
and the shop features of the apparatus manulac tured. The investi- 
gator should also be familiar with the characteristics of the various 


types of motors and methods of control. in order that the most 
advantageous electrical equipment as well as the best machine tool 
equipment may be installed, with suitable tools for different sets of 
CONQGITIONS. 
Ol Such investigations lead to the following Improvements which 
result in increased produc tive Capacity : 
«a More flexible arrangement of tools. 
6 Greater facilities for handling materials at the tools 
c Greater facilities for handling materials between tools 
Better facilities for obtaining auxiliary material, drawings 
tools, ete. 
e Better facilities for making adjustment of the tools during 


machinery operation 


Removal of Causes OF unsuspected Ol avoidable de lays duc 
o small accidents and improper characteristics of the 
drive 

\ll lost time, due to whatever Caust and which can be 


| 


avoided, is immediate] 


L\ brought to the attention of thi 
superintendent, and an analysis of these losses will result 
in their elimination. 

62 With motor-driven tools this analysis can be made much mor 
conveniel tly and with less « xpense than can similar studies with any 
other form of machine-tool driv: 

05 W hile in many shops there are elaborate systems of time ke p- 
ing, with time clocks, ete all of which are based on kee ping an exact 


record of the workman’s time and seeing that he works the maximum 
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are normally selected for this work, the figures given are for average 


conditions only and are not applicable to the heaviest types of tools 
In some instances, also, the motors called for are larger than would 
be used for tools of several years ago. The object of the figures is 
simply to indicate approximately the sizes of motors usually spt cl- 
fied ; 


t) Calculation to determine whether it is more economical to 
equip an old machine with a motor or to purchase a complete new 
motor-driven equipment. 

5 


Over-head charges and machine hou 








APPENDIX NO. 1. POWER ANALYSIS OF MACHINE 
POOLS 


The results which follow were obtained from graphic meter records from 
I 


certain machine tools under the conditions specified. These examples are 


given to show the characteristics of the power and the time factors that ente1 
into the performance of machine tools of different types. (In connectio1 
with this Appendix see definitions of terms in Par. 34 of the pape: 


VERTICAL BORING MILLS 


2 In Fig. 2 which follows is a record from a 72-in. boring mill equipped 
- ] 


with a 220-volt adjustable-speed motor, 780 to 1560 r.p.m., 8.5 h.p. (assumed 

input at full load 8.5 kw.), taken while the tops of bronze discs were turned 

off and bored out. The vertical lines at frequent intervals show where the 
1; 


} 


motor was started and immediately stopped, in order to make adjustments 


rABLE 1 OPERATING CONDITIONS OF 72 IN. VERTICAL BORING MILI 


AV A I I 
Max I ) 
Loa Ave. I Load 
Test N Factor . 
Hi Fac 
K K Fu 
1 d 7 9 63 7.5 
, 56 y 24 8.8 103 ‘a 13.5 
‘ 2 2.8 3 8.8 103 a, 20 
4 | . 78 i.o 
5 2.2 26 7 90 { 
6 2.2 26 . % 0 81 9 
Ave $4 2 8.0 4 1.00 12 
by moving the table of the bor ng millashort distance Che gradual decrease 
in power after 9 a.m., and also after 3 p.m., shows improper use of the con- 
troller. The tool was fed towards the center of the mill, thereby gradually 
decreasing the diameter of the work. The motor was evidently allowed to run 


at a constant peed while the Spr ed should have been gradually increased to 


. ; 
compensate lor decreased diameter of work, and thereby Keep the cutting speed 


P 
constant. ‘The controller was arranged to give the required speed adjustment 


and failure to take advantage of this feature caused loss of tim In one 
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instance the records showed that 10min. was consumed foran operation which 


could have been performed in 6 min., if the cutting speed had been kept constant, 


t i 
a saving of 40% in this operation In another case, the time taken was 15 
min., and would have been 9.5 min. with a constant cutting speed, which would 
have resulted in a saving of 37%. 
3 While taking roughing and finishing cuts on this boring mill, from casting 
of motor frames, brackets and end plates, the conditions were found to be 
in Table 1, from which the following summary is obtained 
Average time factor 14° 
Average running load 2.7 kw., or 27% of full load 
Maximum load, sustained for several minut 8 kw., or 94 of full loa 
Maximum load peak 8.75 kw., or 103% of full load 
Average load 1 kw., load factor 12 
CHARACTERISTICS OF RADIAL DRILLS 
DRILLING AND COUNTERBORING 
1 ‘Table 2 was made up from records taken upo! 0-ft. radial drill drive 
by an induction motor of 74 h.p. 720 r.p.1 ol ned en cast-steel pol 
shoes were counterbored, as indicated in Fig. 1 
Fic. 1 Po.e SHor, DrItLeEpD AND CouNTER Bi 
5 The record (not here printed) shows 7 n. re r inte ‘ 
each of the six holes per pole shoe The sum of these is about 44 min Che 
total time for adjusting the drill is given under column head Adjust,”’ and 
was from 15 to 24 min. for each pole shoe Che time consumed in removing 
and replacing the shoes in the clamps is tabulated under column headed 
‘Change.”’ This ranged from 74 min. to 10 min Che time to complete 
counterboring each pole shoe varied from 70 to 75 mir he tual cutting o1 
drilling time was from 57 to 64% of the total time to complete a pole shoe 
From 10 to 14% of the time was consumed in changing the shoes, and from 22 
to 33% was consumed in adjusting the drill. The average power consumed 


vas 2.8 kw., making a load factor of about 
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DRILLING AND TAPPING 


6 Table 3 is from a record made while an 8-pole revolving field was drilled 
and tapped for fitting pole shoes. To place the job in position required 56 
min., owing to lack of prompt crane service. No lining up was required; the 
work was simply set upon the bed plate of the radial drill. 

7 The total time consumed in adjusting the drill to proper position per 
pole was 5.6 min. The 1;%-in. holes were first drilled j-in. deep, requiring 
about 1.2 min. each, a total time for drilling the six holes of 7.4 min. The 
1,%-in. drill was then removed and replaced by a 14,-in. drill, requiring about 
Smin. To drill each 144-in. hole 2} in. deep took about 4} min., or 28 min. for 
the six holes. Adjustments of the drill took 6 min., making a total time of 
424 min. to complete drilling the six 1s4-in. holes. The drill was then removed 
und a ys “10 tap substituted, this change requiring 6.5 min To tap each hole 
took from 0.6 to 0.9 min., making a total of 4.2 min. for the six holes. The 
time taken for adjustments was 13.2 min., making a total of 24 min. for the 
tapping operation. The actual cutting time for tapping was 17}% of the total 
time. The total cutting time per pole, including one tapping and two drilling 
operations, was 50% of the total completing time, 31.2% of the time being 
consumed in adjusting, and 18.8 % in changing drills for taps. About 20 to 
30 min. were consumed in waiting for a crane to turn over the job in order to 
drill the next pole pic ce The time required to complete the job can be analy zed 


as follows: 


Set up and wait for crane .. 56 min. 
Complete poles 560 mun. 
Turn over (crane service) 240 min. 
Total 856 min., or 14 hr. 16 min 
otal cutting time 320 min., or 5 hr. 20 min 
Time factor 38% 


RECORDS FROM 5-FT. RADIAL DRILI 


8 The following results were obtained by taking records on a 5-ft. radial 


drill driven by a7}-h.p. adjustable-speed motor, with rated speeds ranging fro 


li 
400 to 1600 r.p.m., while drilling a series of holesin alarge steel casting. Out 
of 11} hr., 4 hr. 42 min. were consumed in actual drilling, the other 6 hr. 48 min 
being required to make adjustments. In this case, the time factor was 41% 
The average running load while drilling was 1.5 kw., making an average daily 
load of 0.7 kw., or a load factor of 10% 

9 While drilling a series of 22 holes, 67.5% of the time was consumed in actual 
drilling, the remaining 32.5% being consumed in moving the drill from one posi- 
tion to the next. In another case where holes were to be drilled and tapped, 
74.5% of the time was consumed in actual drilling; while in tapping the holes, 
the machine was in use 449% of the time, the remainder being consumed in 
making adjustments. Records taken while a series of small jobs were drilled 
show that the time factor was as low as 20° om ich time being lost in obtaining 


drawings and auxiliary materials 
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PORTABLE MILLING MACHINE 


10 Ona portable milling machine driven by an induction motor of 3 h.p., 
] 


720 r.p.m., while milling slots and dovetails in an iron casting, the 


to 2 kw riving a load factor of from 50 to 67° Lhe 


} 


running load was 1.5 kw gi\ 


time factor was 54%. 


24% ot the total time was required to make 1djustments 
of the cutting tool; the remaining 22% was required to set up the job, that is 
to place the portable machine in a central position upon a table inside the 
circular casting where the machine could be complete ly revolved and clea 
the inside of the frame. 

PORTABLE SLOTTER 

11 Ona portable slotter driven by a 10-h.p., 720-r.p.m. motor while cutting 
slots in a cast-iron frame, the arm carrying the cutting tool is moved up 
down by reduction gearing and a1 The eut taken o1 ( »-stroke 
The record (not printed) shows that the peak load occurs just before 
is taken, i.e., when the arm is reversed for the upward motion; the I 
load occurs on the downward stroke. The record also shows a 
in the amount of power required to produce the cut This variation 
due to irregularities in the feeding mechanism on the machine tested, a ratchet 
which had become worn. ‘The time factor was 50 ind the load factor 12° 

COMPARISON OF MILLING AND SLOTTING 

12 From the results obtained an interesting comparison can be drawn 
between the time required to cut slots with a mille: | witha slotte hown 
in the following table: 

Size of S ( Pir M 
Ir M Ir 
Mille 
wt} tter ‘ 

13 The results show that the actual cutting time per inch of the slotter i 
but 56 Yof the time of the miller; both were removimg exactly the same amount 
of material. The curves also show that the intervals required for adjustment 
of the positions of the tools from one slot to another averaged 6.1 min. on the 
miller and 3.1 min. on the slotter, an advantage of 50% again in favor of th 


' 


KK 


slotter. rk must be included in order to determine 


The time to set up the wo 


the relative advantage of one machine over the other. The setting-up time 
was found to depend more upon the work than upon the tool, and neither tool 
had an advantage. Two hours were required to set up the job on each tool 
The results may then be summarized by comparing the operations of the ma 


chines in cutting two similar jobs of 12 slots 10 in. long 
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Q] 


tter > hr 0 hr. 36 mit 1 br. 04 mir Shr. 40 mit 


14. This shows that the total time require d by the slotter was but 74°7, of 


that required by the miller; a saving of 1 hr. 16 min. on every suchjob 


POWER REQUIRED TO OPERATE PLANERS 
15 Table 4 contains a summary of results to determine the power required 
to operate various motor-driven planers. The average time factor in ordinary 
planing operations is about 50 to 60 


CURVES FROM MACHINES IN A STEEL TUBE MILL 


l6 Fig. 3 shows a curve taken from a motor operating welding rolls while 
p welding 5-in. tubes. The rolls were driven by a 150-h.p. induction motor 
Lk 4 LYSIS OF POWER REQUIRED TO OPERATE PLANERS 
| - P vere — A VERAGI 
os RUNNING Load Fac- 
H. | ROK STROK ; 
I NJ LOaI tor at 
~ | I ad Tis 
M Fact 
KX I Kw. | Kw. |} Kw. | Kw. Fu ; 
Loa Loa I Loa Loa 
_ } : 
I { 
i { " 
i 4 4 ) 
{ i 


To reduce the peak load thrown on the motor, the rolls were equipped with a 


5-ft. diameter, 5000-lb. fly wheel. This record is interesting, in that it shows 
that a friction load of 12 kw. was required about 91% of the time, under which 
condition of operation the motor, on account of its light load, was operating 


at a power factor of about 30%, which is an undesirable condition forthe power 


17 The duration of pe ik load is in each instance about eight seconds, which 


imounts to only ibout 9 o ol the total evele of operation During this period 


the input to the motor was from 128 to 160 kw \ study of the records shows 
that a smaller motor should be installed Che motor should be designed with 


a larger slip, or dropin Spee d between no load and full load, sothat witha some- 
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Fia. 3 RecorD FROM WELDING RoLus EQUIPPED WITH | 


what larger flywheel, whe n the 19ad 18 st¢ adily thrown on the motor, it would 


slow down, allowing the fly wheel to give forth energy and in this way moving 
out or lowering the peaks for instantaneous demand for current from the line 


With a smaller motor the powel factor would be increased, the efficiency 
improved, and the load factor also improved. At the time the tests were made 
a meter was used, having a paper speed of 24 in. perhr. The record shows that 
tubes were rolled at the rate of 40 per hour. 


Fic. 4 Recorp rrom Hot-ROuu ScARFE! 
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Fic. 5 Recorp FROM SHEAR SCARFER 


18 The curve represented by Fig. 4 was taken from a 75-h.p. motor, operat- 
ing a hot-roll scarfer, scarfing sheets for 12-in. lap-welded tubes. It shows that 
the friction load of 18 kw. is practically constant for about 90 % of the time, 
and that the maximum or peak load of about 34 kw. occurred for about 4% of 
the total time. At the time these records were taken the meter was operating 
at a speed of 24 in. per hr., and the rolls turning out 10 and 15 tubes per hour 
The difference in peak load is due to the fact that an increase in width of the 
metal causes a slight increase in power. Undoubtedly a 50-h.p. motor would 
have been satisfactory for this work with much more economy than the in- 
stalled motor. 

19 The curve represented by Fig. 5 is a record showing the operating condi- 
tions of a 50-h.p. induction motor driving a shear searfer. On this curve the 
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Fic. 6 Recorp FROM Pipe CuTTriNnG-orr MACHINE 
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friction load was shown at about 2.3 kw., of a duration of 55% of the time 
The peak loads require from 10 to 13 kw. for the balance, or 45% of the time 
As the duration of the peak is only about 34 seconds, a small r motor of about 


25 h.p. would be of sufficient capacity to do the work. In this instance, as in 
the others, a meter having a 24-in. movement of the record was used. 


PIPE CUTTING-OFF MACHINE 


20 The record shown in Fig. 5 was taken froma 5-h p. motor operating a pipe 
cutting-off machine, cutting 18-in. tubes at an average cutting speed of about 
38 ft. per min. It will be noted that about 16 kw. were required for start 


Ling 


while the average load during cutting was about6kw. The motor was reversed 
for the reaming operation, and the peak was very large, going off the scale. 
Tostart the machine the motor was again reversed, such manipulation causing 
very severe overloads on the motor and the gearing to the machine. For a 
reversing operation of this nature an induction motor having a large slip 


would be desirable, or a slip-ring type of motor, thus reducing the demand upon 


the line. A direct-current motor, if used, should be supplied with very | 


VY heavy 


compound winding. 

















2. POWER REQUIRED TO REMOVE 


LPPENDIX NO. 2. 
METAL 


I 


\a) aret 
b) area of cut(sq. in 


1 The power required to remove metal depends upon the n e of the ¢ 
ng too nad the imount Of metal removed per minute (cutting too may 
led into three general classes: (a) lathe tool type dy milling 
I PHI roo PI 
2 hie the tor ~ ised oO! the yr qf ( 
( how that the power require | | ( 
gy metal depends upon the cutting ang the I hie ! 
( I ( metal removed per minu | n ‘ T I 
y 
gr. 
Pd 
Cut ! I 
RELATION BETWEEN Ho! POWER AND Cubsic | Mi 
Removep; Mito Street, 0.40% Carron 
btained by means of the graphic recording mete: 1 the use of tools having 
itting angle of about 75 deg. to SO deg. the curve shown in Fig. 1 obtained 
The results were independent of the cutting speed, feed and depth of cut, and 
I \\ lefinite relation exists between the hor epowe! required oO remove 
metal and the number of cult inc he removed per minute The cubic nene 
of metal removed per minute were found to be as follows 
1 of cut(sq. in x cutting speed (ft. per min KX 12 
depth of cut(in.) X feed (in. per revolution 
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3 The horsepower required t: 


remove metal with the tools ordinarily em- 


ployed can be ¢ xpressed by : 


h. p a constant cu. in. removed per min 
The constant varies with the kind of metal removed 
1 In order to estimate the amount of power required to remove vive! 
amount of metal per minute the graphic method shown in Plate 1 has bee r 
signed. This diagram is a multiplication table; those familiar wit] 
cal geometry will recognize the equilateral | yperbola whose equatio eft 
to 1ts asymptotes, is ry constant 
5 To determine the cutting spee d the usual proce dure s follow 
: zx diamete1 r.p.! 
cutting speed (ft. per min 
12 
constant a mete I I 
In the diagram « ic! hyperbola corresponds toa given cutting speed Lhe 


ordinates of all diameters and spindle speeds producing the same speed inté 


sect on the Same hy pe rl ola The eu 


tting speed corresponding to any diamete 
rotation at any number of r.p.m., is found indicated on the hyperbola } i 
through the intersection of the coérdinates corresponding to the given v: 
of diameter and r.p.m 
6 Inasimiliar manner an area corresponding to any depth of cut in ir 
and feed in inches is obtained, and 1 so the cubic inches of meta emove a1 
minute can be determined from the area of cut and the cutting 1. The 
rections for using the diagram are given in connection with it 
7 With the cutting tools ordinarily employed the following ies have 
been found by tests to exist for the horsepowe1 required to remove | 1. il 
of the following metals, per min 
Brass and similar alloys 0.2 to 0.3 
Cast iron 0.3. to 0.5 
Wrought iron 
Mild steel (0.30°7-0.40% earbon = 
Hard steel (0.50°; earbor 1.00 to 1.2 
Very hard tire steel 1.50 
‘ It must be remembered that these con tants 1 present ener c 
conditions; conside rable Variation |! y occur where pec cutting too 
used and special grades of metal are encountered. 
LATHI 
9 The following ¢ xamples will explain the application of the diagra1 P 
1, to lathe work 
Ex mi ple: Di meter ol worl 5.51 
Spindle speed 15 r.p.m 
Depth of cut 0.45 11 
Feed per revolutior U.U06 In 
10 kind the intersection of the horizontal line through 5.5 in. d 
work, and the vertical line through 45 r. p. m. spindle speed. The cu 
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sing nearest this intersection correspond to a cutting speed of 63 and 6S ft per 
min., indicating by interpolation a cutting speed in this case of 65 ft. per min. 
The area of cut with depth of cut 0.45 in and feed 0.06 in. is 0.027 n The 


cubic inches of metal removed per minute, corresponding to an area of cut 0.027 
sq. in. and a cutting speed of 65 ft. per min., is determined by finding the 
intersection of the horizontal line passing through 0.027 sq. in. area of cut and 


65 ft per min This intersection is between the curves corre sponding to 19.2 


and 21.6 cu. in., showing that about 20 cu. in. of metal are removed per min 


If the metal removed is wrought iren, the horsepower required is 0.6 * 20 = 12 
h.p. If 0.50°, carbon steel is turned, 1.00 * 20 20 h.p., is required Br 
would require 0.25 X 20 5h p. 
BORING MILI 
Example Diameter of work 15 in 
Speed of table $5 r.p.1 
Depth of cut 0.25 in 
Feed 0.10 in. per revolut 
1] Che diameter of work goes onlv to 10 in. in the vertical column of the dia- 
gran hese may be multiplied by 10, and if used with the spindle speeds as 
they stand, the results in the oblique column of cutting speeds must be mul 
tiplied by 10. In case of large diameters the spindle or table speeds are usually 
OW rhe simplest way to use the diagram in these cases is to interchange d 
umeter of k and spindle speed, i. issume that the diameter of the work 
s 10, 20, 30, et« n the horizontal column, and the table speed under 1, 2, 3 
etc., in the vertical column. In the problem under consideration the cutting 
speed iS IOLLOWS 
12 The intersection of the horizontal line through 4.5 and the vertical line 
through 45 correspond to a cutting speed of 52 ft. per min. The area of cut 
0.025 sq. in. The intersection of the horizontal line through 0.025 sq. in. area 
of cut, and the vertic line through 52 ft. per min. cutting speed lies between 
curves representing 14.4 and 16.8 cu. in ndicating that 15 cu. in. are removed 
per mil If cast iron of a soft quality is remeved the power required for cut- 
ting will be 15 X 0.3 Loh Dp. If the cast iron is of | i quality, 0.5 > ) 7.5 
h. p.,w be require | 
SHAPER OR PLANER 
Era ple Depth of cut 0.75 in 
Feed per stroke . l 
Cutting speed 15 ft. per min. (from character- 
istic of planer or shaper 
Area of cut 0.75 X ’¢= 0.046 sq. in 
13. The cubic inches of metal removed per minute, corresponding to an area 
of cut of 0.046 sq. in., and a cutting speed of 45 ft. per min., is 24 Che powe1 


required for cutting in the machine a hard grade of cast iron will under these 
mnditions be 24 X 0.5 12h. p 
14 Ina planer the power required for reversing is usually considerably more 


than that required to cut metal depending upon the design of the reversing 
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mechanism, the flywheel effect and the speed characteristic of the motor. In 
a shaper the power required to reverse is not very great, and is usually less 


than the power required for cutting. 
SLOTTER 


15 In most cases the cutting tool is fed inwardly on this type of machine; 
the following « xample shows how the diagram is used to determine the rate of 
removing metal. With other methods of feeding the tool the diagram is used 


in the same way as in the case of a planer or a shaper. 


Example: Width of tool and cut = 0.5 
Feed per stroke 0.06 
Cutting speed 35 ft. per min 
Area of cut 0.5 x 0.06 0.03 sq. in 


+ 


16 Thecubic inches of metal removed per minute from the intersection of the 


horizontal and vertical line through 0.03 sq. in. and 35 ft. per min. are 13. In 


the case of mild steel the horsepower required would be 13 x 0.6 7.8 h.y 
DRILLS 
17 rhe power required in dril ing Operations Can also be expre ed as a con- 


stant times the cubic inches of metal removed per minute. The conditions ars 


however, more complicated than in the lathe tool, since the friction of the di 

and the chips on the sides of the hole increase the power requirement as the 
drill enters the metal. rhis is especially true when cast iron is drilled, as cl ps 
have a jamming action. The variable cutting speed at the cutting edge of the 


1] ] 9] 
11, 2150 CaUSCS 4 


drill, from zero at the center to the peripheral speed of the dri 


jamming action and tends to increase the power per cubic inch per minute ove: 


that required to remove the same amount of metal by means Of the lathe tool 
type. With drills generally employed, the value per horse power per cubi 


inch of metal removed per minute. is about double that required by ordinary 
lathe tools. 


18 Plate 2 is a diagram with full instructions for determining the cubi« 


inches of metal removed with drills lhe constants for determining the pO we 
required are about double those for lathe tools 
Example: Size of drill 2 in. diameter 
Feed per minute = 2.5 in 
Speed of drill 150 r.p.m. 


Metal drilled: cast iron. 


19 The peripheral or maximum cutting speed of the drill is found as follo 
(Rule a, Plate 2 The horizontal line corresponding to a diameter of 2 in 


e curve correspt 


intersects the vertical line corresponding to 150 r.p.m. on 
ing to a cutting speed of 77.5 ft. per min. The area of the 2 in. drill (rule 

3sq.in. This area at afeed of 2.5in. per min. corresponds to removing 7 « 
in. per min. (rule d). For cast iron the horsepower per cu. in. per min. is about 
0.8, twice that for lathe tools, hence the power required to drive the drill in 
this case is 0.8 X7 = 5.6 h.p., which agrees closely with an actual test. For 
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APPENDIX NO.3. SIZES OF MOTORS RECOMMENDED TO 
DRIVE MACHINE TOOLS 


The accompanying tables contain the sizes and speeds of motors usually 
employed with the average duty indicated for machine tools. The constant 
speed motors are selected with a view to utilizing speeds as near as possibl 
to those obtainable with 60-cycle induction motors. By this means the same 
gear ratios can be employed with either direct current motors or 60 cycle 
induction motors. 

2 The average load factor for motors driving lathes is from 10 to 25 On 
some special machines, as driving wheel and car wheel lathes, the cuts are 
heavy, which increases the average load factor to from 30 to 40! 

3 Forextension boring mills, 5 h.p. motors are used to move the housings or 
from 10 ft. to 16 ft. mills, 73 h.p. for from 14 ft. to 20 ft. mills and 10 h.p 
from 16 ft. to 24ft. mills. The load factor of the driving motor on boring 


averages fom 10 to 25 °%. 
4 The load factor of motor-driven drills is about 40’ >, When the larger d1 
applicable thereto are used If the smaller drills are used the load fact 


averages 25% and lower. 
5 For the average milling operations the load factor averages from 10 to 25 


>. On slab milling machines where large quantities of metal are renewed it 


will average from 30 to 40%. 
6 The workon this class of machinery is usually light and much time is re 


quired in making adjustments. Hence the load factor is rarely higher than 20' 


7 On planers the load factor averages between 15 and 20%. The motor 
must be large enough to reverse the bed quickly, yet this peak load occurs for 
such short intervals that it does not increase the average load per cycle vi 
much. 

s The work done on shapers is of a v iryving character With light work the 


load factor will not exceed from 15 to 20°%; with heavy work, the load 
will be as high as 40°%. 


9 The conditions encountered on slotters are similar to those on shape1 
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APPENDIX NO. 4. CONDITIONS WHEN EQUIPPING OLD 
MACHINES WITH MOTOR DRIVE 


1 When changing over from lineshaft drive to individual motor drives 
- — 
question arrises whether to equip the old lineshaft-driven machines with mo 


tors or to install new motor-driven machine tools. The old machines are not 


as strong in construction as new tools designed for motor drive, nor are they 
equipped with the latest devices by means of which the time required to mak« 
adjustments can be greatly reduced Owing to weaker construction old ma- 


chines cannot be made to remove metal as rapidly as machines built with tl 


point in view. The old machines are also more or less worn and not as accurat 
as new machines \ conc ieexample willshow a method of arriving at a decis 
ion between attaching a motor to an old machine and purchasing a complete new 


motor-driven equipment 


2 The case taken for consideration involvesthe modification or exchange « 
a 72-in. vertical belt-driven boring mill, so as to obtain a greater output at 
lower cost per unit of product. This mill, the original cost of which was $3200 
has been in use five years. The hourly overhead operating charge | bee! 
determined at 91 cents. The machinist receives 35 cents an hour for 54 hours 
per week (2808 hr. per year Che total earnings for the year from this machine 
amount to $4200. The operating expenses for the year are as follows 
Overhead 0.91 X 2808 $2555.28 
Wages 0.35 & 2808 982.80 
Total $3535 .05 
Net profit $4200 — $3538 = $662.00 
3 The depreciated value of this tool on a basis of 10 reduced balance 
66% of its first cost. Ifa motor is installed the investment appears as follo1 
Value of tool $0.66 * 3200 $2112.00 
Cost of motor, gears, controller, ‘ 
wiring, etc 550.00 
Total investment $2662 .00 


4 The hourly overhead charge of 91 cents includes interest and depr 
tion at 16 cents an hour; the overhead change exclusive of interest and depre: 
tion will therefore be 75 cents an hour Che de preciation or the new investme! 


lif 


for the remaining five years’ life of the tool will be 20% per year, making the 
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charge for interest and depreciation 26%. The operating cost of the old too] 
with motor drive is therefore, 
Overhead exclusive of interest and depreciation) $0.75 
2508 = $2106.00 
Interest and depreciation, 26% of $2662 = 692.12 


Wages, $0.35 x 2808 982.80 


$3780.92 
Assuming 10% increased earnings, due to adoption of individual motor drive, 
makes the total earnings 


$4200 + $420 $4620.00 
The net profit is then 
$4620 -— $3780.92 839.08 
or 31.5% interest on the investment of $2662. 


5 The corresponding figures based on the installation of a new machine 
tool with individual motor drive are approximately as follows 
Cost of new tool = $3400 .00 
Cost of motor etc. = 270.00 


$3670.00 


Scrap value of old tool at 5% 160.00 
Investment $3510.00 
Overhead operating charge 
$0.75 X 2808 $2106.00 
Wages as above 952.80 
[nterest and depreciation for 10 years (depreciation 
10% interest 6‘ 16% X $3510 561.60 
Total $3650.40 
Assuming 25% increased output for the year, the total earnings become 
125% X $4200 $5250.00 
Net profit is then $5250 $3650. 40 $1599.60 


or 45.3% interest on the investment. 


CONCLUSIONS 


6 The above figures show that for the conditions given, approximately 14% 
greater return on the investment is gained by installation of a complete new 
tool It is evident, therefore, that although a somewhat greate capital is 
required for the new installation, it is by far the 


i 


better investment. It is 
1 machine tools would not last more than five years 
ifter the « nanges were made, whereas t] 


LiSO probable that the ol« 
ie new tools will five good service for 

least double that period. Furthermore, the new machine has the added 
i\dvantage ol being in first class condition, thus insuring greater accuracy of 
workmanship and less liability to accidental delays. 
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Salaries (not chargeable to a definite section): these include cost 
of superintendence (manager, superintendent, foreman) 
neering and drawing; clerical 


, engi- 
| force, includin 
general laborers. 


g office boys and 


> Charges against each section of the factory 
a lixed charges; including an equitable portion of the total fac- 
tory fixed charge and interest, and depreciation on auxiliary 


, 1 1 
ipparatus located in the section (exces pt machine tools 


urges: these include a portion of the variable charg 
is well similar charges belonging to the section, such as re- 
pairs and renewals storeroom and tool room charg: lelecti ve 


design, material and workmanship, lubri 


ricants and manutat 
iring supplies. 
: ; 
Salaries: including a portion of the tot 


LOLA! Liars 
belonging exclusively to the section, that is, loremen 
errand boys, laborers. cranemen, etc. 


Iy | DEPRECIATION aT 10% 


REDUCING BaLANC! 


Charges against each machine tool. 
a Portion of fixed charge. 

b Portion of variable charge. 

c Portion of salaries charge 


d Interest on cost of tool, f uirly taken at 6%. 


e Depreciation of value of tool (see explanation below) 
f Cost of power to operate tool, includin 
service. 


g also lighting and crane 
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DEPRECIATION OF VALUE OF MACHINE TOOLS 


2 A method frequently used in calculating the depreciation in value ofa 


machine tool is to allow 10% of a reducing balance; that is, 10% of the first cost 
if charged off the first year, 10% of the remaining cost, the second year, 
and 10% of the second remainder the third year, ete. This method is based 
upon the fact that the apparatus actually decreases in value year by year 
Allowance for depreciation in any given year can be made easily by th 
aid of the curve in Fig. 1. This curve gives the percentage of the first cost 
corresponding each year to 10% on the reduced balance. For example, the 
curve shows that the depreciation on a tool that has been in service five 
+ 


vears will be 6. 6% of the original cost If this cost was $4500, the allowance for 


depreciation during the sixth year according tothe 10% reducing balance method 
is $4500 « .066 $297. Since this is 10% of the reduced cost, the value of 
the tool at the end of the fifth year is $2970 
3 ‘Tools designed for special work will be discontinued after acomparatively 
limited period, and therefore, depreciate in value much more rapidly than is 
indicated by the foregoing method: a special allowance frequently made¢ 
for such tools is generally known as ul ty de preciation. 

4 Table 1 contains asummary of machine hour rates obtained by this method 


It is assumed that machines have been installed six years, so that the depre- 


ciation is 6% on a basis of 10°) reducing balance. 














GENERAL NOTES 
AMERICAN SOCIETY OF CIVIL ENGINEERS 


\t the meeting of the American Society of Civil Engineers, March 2, 
in the Society Building, 220 W.57thStreet, New York, a papel entitled, 
The Improved Water and Sewage Works of Columbus, O., was pre- 
sented by John H. Gregory. 

On March 16th two papers were presented, A Concrete Water Tower 
by A. Kempkey, Jun.Am.Soc.C.E., and Some Mooted Questions in 
Reinforced Concrete Design, by Edward Godfrey, Mem.Am.Soc.C.E 


AMERICAN INSTITUTE OF MINING ENGINEERS 


The annual convention of the American Institute of Mining Engi 
neers, In which the members of The American Society of Mechanical 
Kngineers were invited to participate, opened on March 1 in the Car- 
negie Lecture Hall, Pittsburg. Inthe absence of Julian Kennedy, D1 
John A. Brashear, Mem.Am.Soc.M.E., gave an address of welcome 
\ great many interesting papers were presented during the three days 
which followed, including, The Development of Hindered Settling 
Apparatus, by Prof. R. H. Richards of the Massachusetts Institute 
of Technology : The Sy stematic K:xploitation of the Pittsburg Coal 
Seam, by F. Z. Schellenberg of Pittsburg; A Commercial Fuel Bri- 
quette Plant, by W. H. Blauvelt of Syracuse, N. Y., Mem.Am.Soc.M 
Io.; The Gaseous De composition Products of Black Powder, by C.M 
Young, Lawrence, Kan.; A New Method of Cyaniding Gold and Sil 
ver Ores, by E.GibbonSpilsbury of New York, Mem.Am.Soc.M.E.; 
The Huronian as a Gold Bearing Terrane, by Dr. Robert Bell, of 
the Canadian Geological Survey; The Introduction of the Basic Steel 
Process in the United States, by Geo. W. Maynard of New York; 
Kleetric Mine Hoists, by David B. Rushmore of Schen ctady, Me Bay 
Mem.Am.Soec.M.E.; and The Investigations of Structural Materials 
for Use in Federal Buildings, by E. F. Burchard of the Geological 
Survey. é. A. Holmes, of the U. S. ( reological Survey, Me mM. Am. Soc. 


M. E., also gave a brief paper on the work of the technological branch 
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at Pittsburg, which was largely explanatory of the plant and work of 
the survey testing station at Pittsburg. This station was later visited 
by the members and a series of highly interesting tests were conducted 
in their presence. Other excursions were also planned and carried out 
successfully. On the evening of March 2, Dr. D. T. Day of Wash- 
ington gave a lecture on The Accumulation of Petroleum in the Earth. 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


The regular monthly meeting of the American Institute of Electrical 
Kngineers was held in the auditorium of the Engineering Societies 
Building, New York, on Friday, March 11, 1910. This meeting was 
under the auspices of the Industrial Power Committee. Papers wer 
presented as follows: Electric Mine Hoists, by D. B. Rushmore, Mem. 
Am.Soc.M.E., and K. A. Pauly; and Large Electric Hoisting Plants, 
by Wilfred Sykes. 

Institute Meetings will be held, March 30-April 1, in Charlotte, N. 
C., and April 21, in San Francisco, Cal. A notice of papers to be read 
will be found in another department. The next New York Meeting 
will be held April 8. 


CONSERVATION DISCUSSED AT THE NEW HAVEN ECONOMIC CLUB 


At a dinner given by the Economic Club of New Haven, Thursday 
evening, February 24, 1910, The Conservation of our National Resour- 
ces was presented from different viewpoints by speakers of wide repu- 
tation. Calvin W. Rice, Secretary Am.Soc.M.E., spoke on the great 
work now being conducted by the Government in-relation to forests, 
lands and minerals. He was followed by Charles N. Chadwick, on« 
of the commissioners of the board of Water supply of New York, now 
constructing an aqueduct from the Catskill mountains to New York 
City. Mr. Chadwick addressed the gathering on the importance of 
the conservation of water, upon which the great majority of the othe: 
resources are dependent. George W. Woodruff, of New York, former 
Assistant Attorney-General, emphasized the great economic import 
tance of the preservation of resources. The last speech, by Prot 
Herman H. Chapman, acting dean of the Yale Forestry School, dwelt 
on conservation as related to forests and said that it had been th 
mission of the United States forest service to actually demonstrat 


. 3 . ° : 
the true meaning of the word conservation as applied to the forests 
on our public lands in the West. 
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Among the members and guests present were Henry B. Sargent, 
Mem.Am.Soc.M.E., Prof. L. P. Breckenridge, Mem.Am.Soc.M.E., 
Dr. W. L. Phillips, Max Adler, Samuel R. Avis, Dr. Henry Spang. 


INSTITUTION OF MECHANICAL ENGINEERS 


The Institution of Mechanical Engineers held its annual meeting 
February 18, 1910, in the institution house, Storey’s Gate, St. James’s 
Park, London, 8. W., and elected the following officers for the ensuing 
year: J. A. F. Aspinwall, President, A. T. Tannett Walker and Edward 
B. Ellington, Vice-Presidents. 

The President called upon Dr. Glazebrook of the National Physical 
Laboratory to resume the discussion on the ninth re port to the \lloys 
Research Committee on The Properties of Some Alloys of Copper, 
\luminum and Manganese, presented at the previous meeting by Dr. 
Rosenhaim and F. C. A. H. Lantsberry. Dr. Glazebrook was fol- 
lowed by Sherard Cowper-Coles, H. F. Donaldson, H. L. Heathcote 


and Loughnan Pendred, with a closurs by Dr. Rosenhaim 


INTERNATIONAL CONGRESS OF INVENTORS 


The first annual convention of the International Congress of Inven- 
tors will be held in Rochester, N. Y., June 13-18, 1910. 


tion was established in 1906 and incorporated in 1907, with the aim of 


This associa- 


uniting the inventors of the world for the purpose of obtaining patent 
law reforms and protecting the interests of its members. An exhibi- 
tion of patents and models will be held in connection with the conven- 
tion, and will include both recent inventions and some of those of par- 
ticular interest patented during the early years of the U. 8. Patent 
Office. 


AMERICAN RAILWAY ENGINEERING AND MAINTENANCE OF WAY 
ASSOCIATION 


At the eleventh annual convention of the American Railway Engi- 
neering and Maintenance of Way Association in Congress Hall, 
Chicago, Ill., March 15-17, 


rules, signals and interlocking; conservation of natural 


L910, reports were presented on uniform 
resources ; 
economics of railway location; wood preservation; standard specifica- 


tions for cement, masonry and buildings, and other subjects of interest. 
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AIR BRAKE ASSOCIATION 


At the seventeenth annual convention of the Air Brake Association 
to be held in Indianapolis, Ind., beginning May 10, 1910, committee 
reports will be received on the following topics: Air Brake Instruction, 
Kxamination and Rating; Air Pump Piping, Fittings and Connections; 
sest Arrangement of Air Pump and Main Reservoir Capacity for 100- 
Car Train Service; Brake Cylinders and Connections and Recom- 
mendations for Overcoming Troubles due to Cylinder Leakage; 
Questions and Answers on New York Brake Equipment; Questions 
and Answers on Westinghouse Equipment; Recommended Air Brak 
Practice; Inspection and Cleaning of Triple Valves and Brake Cylin 

ders: the Past Year’s Developments in Air Brakes. 


AMERICAN ELECTROCHEMICAL SOCIETY 


The Spring Meeting of the American Electrochemical Society v 
be held in Pittsburg, Pa., on May 4-7, 1910. On Wednesday, May 4 
at 2.00 p.m., it is proposed to make a visit of inspection to the tec] 
nological testing plant of the U.S. Geological Survey. Other ex 
sions will be to the Park Company’s Crucible Steel Mills, Carnegi 
Steel Company’s Dried Blast Plant at Isabella Furnace, Jones and 
Laughlin’s Steel Works (Talbot Continuous Steel Process), Pennsy]- 
vania Lead Smelting Company, Nernst Lamp Factory, Oxy-Actylem 
Welding Company; with an all-day excursion, visiting the Allegheny 
Plate Glass Works at Glassmere, Westinghouse Electric Works at 
Kast Pittsburg, the Firth-Stirling Works at Demmler (Heroult electric 
steel furnace in operation), Carnegie Steel Works at Homestead (com- 
bined open-hearth electric furnace in operation 

This is the first gathering of the so lety at Pittsburg. rine 


gram and a highly interesting meeting Is assured. 
ENGINEERS SOCIETY OF WESTERN PENNSYLVANIA 


At the regular monthly meeting of the Engineers’ Society of Ws 
ern Pennsylvania, held March 15, 1910, President I. K. Morse, 
response to a request made by the Pittsburg Chamber of Commerce: 
appointed the following Committee to report on the question of raising 
the bridges over thefAll gheny River at Pittsburgh: Geo. 8. Daviso1 
Mem.Am.Soc.C.k.; Julian Kennedy, Mem.Am.Inst.M.E.; F. L. O 
Wadsworth, Mem.Am.Soc.M.E.; John N. Chester, Mem.Am.So 
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M.E.; Emil Gerber, Mem.Am.Soc.C.E. The importance of the 
questions involved, both engineering and financial may be re alized 
from the fact that there are eight bridges affected, over ariver averag- 
ing 1000 feet in width. A paper on Floods in the River Seine was read 
by Thos. P. Roberts of the U. S. Engineer’s Office, Pittsburg 


IDAHO SOCIETY OF ENGINEERS 


on February 12 the Idaho Soci ty ol engineers was organized at 


Boise, Idaho, with 70 charter members representing surveyors and thi 


leading branches of engineerin: It is the outgrowth of the Idaho 


IOu!l 
Civil Kengineet and Survevors Association md has peen organized 


mainly through the work of Gen. Darwin A. Utter, United States sur 


veyor-general for the State, who was elected president In addition 
to the work of organization, papers were read on Dam Building, Ra 
oad Construction, Water Power, Milling Or Irrigation and Mun 


UNIVERSITY OF KANSAS 


mally dedicated on February 25, 1910, in the presence of some 500 
Visitors including auiumi, engineers trom otvnel SCHOOLS ind otner 
interested persons. The program included three addresses in the 


chapel in the afternoon, by Prof. F. O. Marvin, Dean of the School of 
Kngineering, Prof. Richard C. Maclaurin, President of Massachusetts 
Institute of Technology, and Ernest R. Buckley, President of th 
\merican Mining Congress. The dedication ceremony itself was held 
a little later, in the new mechanical and electrical engineering building, 
ind was followed by a banquet at the Robinson gymnasium 1n the 


evenlng 
DETROIT INDUSTRIAL EXPOSITION 


The city of Detroit, Mich., is planning a great industrial exposition 
» be held under the auspices of th Board of Commerce, June 20-July 
6, 1910. The exposition ground will be located on the Detroit River 
where a huge building will be erected and used in conjunction with the 
Wayne Pavilion The display promises to be one of the most unique 


ver arranged outside of a world’s fair. It is claimed that 100,000 
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different articles are manufactured in the 3000 shops of the city, the 
products ranging from pins to steamships, a variety rivaled by the 
outputs of few other American cities. The processes as well as the 
results will be shown, with the purpose of teaching the world the vari- 
ety, extent and quality of the city’s products. The committee in 


charge is composed of 275 of the leading manufacturers of Detroit. 














PERSONALS 


Henry A. Allen has been appointed consulting engineer for the Departm« nt 
of Public Works, Chicago, IIl. 

F. E. Bocorselski, who has been connected with the Baush Machine Company 

iS Sup¢ rintendent and designer, has resigned his position to become assist- 

f the American Locomotive ( ompany, with 


int mechanical superintendent of 


he adqu irters at Richmond, Va 


the board of education, St. Louis, Mo., 


irks W Woodwe ll, Ne W York 


Claude A. Bulke ley, chief engineer of 
associated with the firm of M 


has become 
I. Francis Burton, formerly assistant superintendent of the Victor Talking 
Machine Company, Philadelphia, Pa., has been appointed supe el 

e com 

(‘har ] 1) } ‘ me connected with the g PET g tr ' \f 


John M. ] resigned his position as harbor com: r of Chicag 
Ill. 
E.S. Farwe consulting engineer, of New York, has become connected wit! 


the Yellow Pine Paper Mill Company, Orange, Tex., as general manag 


1s assumed charge o 
i Lil Harve VO 


M. P. Fillingham, consulting engineer, New York, h 


tern interests of the Fawcus Machine Company, of 


the Eas 


— 
, 


formerly associated with the American Telephone and 
ph Company, New York, has become general manager of the Missouri 


Telegraph 
Kansas Telephone Company, Kansas City, M: 


recently local engineer of the American Thread Company, 


George P. Gilmore 
Fall River, Mass., has opened a power and equipment engineering office in the 


B. S. Hughes has severed his direct connection with the Champio1 
O., and the Champion Fibre Company, Cantor 


er 


N. ( to engage in general engineering practice, with offices in Cincint 


F. W. Jackson, formerly district manager for the Harrisburg Foundry and 


Machine Works, Baltimore, Md., has been transferred to the managership 


of the ( ompany’s 8) ne it ( hicago 


Walter C, Kerr has been elected third vice-president of the Merchants’ Associ- 


ition of New York 


Alfred H. Knight has become connected with the Packard Motor Car Com- 








650 


Detroit Mich i carriage chassis « 


Michig 


pany, ¢ nginee! He wv until 
assistant professor of mechanical e1 eering at the Univers of 
Ann Arbor, Mich 

KF. E. Matthews. consulting r¢ oe ting en eer. Ne York. } 
assistant manager of the cold storage nsulation departmer H 


Manville Co., New York. 


R Murray has been ippointe 


Geo 


1 president of the Murray S 
cessors to the Maxwell-Rolf Stone C« pan 
John ¢ Parker, electrical engine the Rochester Railvw 
Company has been appointed nor esident lecturer in elect 


mission a versity of Michigan Micl 


OF 


e 1 } 


W. P. Pressinger, formerly identified th the W. P. Pre ng 
New York, has been appointed vice-president and manager of sal 


ler Manufacturing 


Company 


ttle mec lit ( o I B \l () ] (‘; (‘} 
become associated with f es ral no r Hi \ ] , 
Works Chic igo 
Robert W. Rogers rme I | I 
Pa ha entere 1 the Sel e ¢ e \ ‘> I ( ~ ~P l 
chanics il enginee! 
Clement F. Smith, recent ed with tl \\ ng 
Company, Wilme d ng Pa ( ened rh ¢ ( r) ( r () 





Ephi vho } bee! N ¢ } og ( oe 
ste ( nee ore ( 
count of ill healt] 

Roy B. Smit bec eP Lin 
bus,O. Unt ently he e1 ) eq 
C.L.&N.R ( ein! 0 

B V.S ense ecome TY Barron G. ¢ ‘ | 
He was fo mel ( ( l the Ame Strer 
tional Ra \ \ ( 1 N \ 

Cary D. Terre formerly ! ce} ( 

Car Company, St yuis, Mo., } ecome es agent of the Ame 


foundry Compar 


Henry R 
New York. 


lowne has been elected presider 


ol 


Theron H. Tracey pre ident of the i! 
has been appointed pres dent of the 


Cal. 


A. W. Waern ha 


s become¢ ociated t] 


recent 


1) 


iT 











PERSONALS 


651 








CURRENT BOOKS 


THE Economy Facror 1N STEAM-POWER PLaANts. By George W. Hawkins 
Hill Pub. Co., New York, 1908 Cloth, 8vo., ix+ 133 pp., illustrated. 


Price, $3 net. 

Contents: Introduction; Part I, Individual Apparatus: Boilers, Engines, Electrical Generators 
Condensing Apparatus, Feed-Pumps, Oil-Pumps, Oil Burners, Radiation, Leakage, Feed-Wate: 
Heaters, Fuel Economizers; Part II, The Factor of Evaporation; Part III, Complete Plz 
(Full Rated Load): Introductory, Non-Condensing Plants, Surface-Condensing 
Condensing Plants, Pumping Plants, Examples; Part [V, Complete Plant Economy (Vari: 
Phases of the Problem, Method of Solution: Conclusion 





THe Gas TurRBINE. Progress in the Design and Construction of Turbines 
5 
J. ZB. Lippincott ae. Philadelph a, 1910. ( loth, Svo., 262 pp with dia- 


grams. Price, $3. 


Operated by Gases of Combustion. By Henry Harrison Suplee, B.Sc. 


Contents Introduction; Historical; Discussion before the Institution of Mechanical Engineers 
Discussion before the Society of Civil Engineers of France; Actual Behavior 
tical Work of Armengaud and Lemale; Genera! Conclusion. 


of Gases in Nozzles; Prac- 


Heat ENERGY AND FuELS. Pyrometry, Combustion, Analysis of Fuels and 
Manufacture of Charcoal, Coke and Fuel Gases. By Hanns v. Jiiptne: 
Translated by Oskar Nagel, Ph.D. Ne York, McGraw Pub. | 1908 
Cloth, 8vo., 306 pp., illustrated. Price, $3 

Contents Introduction: General Remarks, Forms of Energy. Vol. I. Heat Energy and Fuels 

Partl. Heat Measurement, Combustion and Fuels: The Measurement of High Temperatures (P 

metry); Pyrometry, Optical Methods of Measuring Temperatures; Combustion Heat and its Det 

mination; Direct Methods for Determining the Combustion Heat; Incomplete Combusti 

Combustion Temperature; Fuels (in general); Wood; Fossil Solid Fuels (in general); Peat; Br n 

Coal (Lignite); Bituminous and Anthracite Coals; Artificial Solid Fuels; Charcoal: Peat-Coal, Coke 

. 





and Briquettes; Coking Apparatus; Liquid Fuels; Gaseous Fuels; Producer Gas: Water Gas: Dowsor 

Gas, Blast Furnace Gas and Regenerated Combustion Gases; Apparatus for the Production of I 

Gases. 

THE RESISTANCE AND PROPULSION OF SHIPS By William F. Durand. Second 
edition, thoroughly revised Vew } John Wiley & Sons, 1909. Clot 
8vo., vil + 427 pp. Price, $5 

Contents: Resistance; Propulsion; Reaction between Ship and Propeller; Propeller Design; Power- 
ing Ships; Trial Trips 

THE MopERN Gas ENGINE AND THE GAs Propucer. By A. M. Levin Firs 
edition Vew York, John Wiley & Sor 1910. Cloth, 8vo., 16 + 485 pp 
illustrated. Price, $4. 

Contents: Introduction to Thermodynamics; Design Constants and Formulas; Theoretical Analy ses 


of the Gas-Engine Cycles; Power, Size and Speed of Gas-Engines; Fuels, Combustion; Gas-Engine 
Fuels—The Proportioning of Mixtures and Relation of these to the Size of the Engine; Alcohol Fue 
Features of the Practical Gas-Engine Cycle; The Fly-Wheel; The Crank Shaft; Engines Details; G 
erning; Engine Auxiliaries; Various Engine Types; Producer-Gas and Gas-Producers; Appet 


t 


FULFILMENT OF THREE REMARKABLE PROPHECIES IN THE HISTORY OF THI 
GREAT EMPIRE STATE, Relating to the Development of Steamboat Navi 
gation and Railroad Transportation, 1808-1908. By Henry Whittemor 
Cloth, Svo., 80 pp. 


Contents: Early Experiments in Steamboat Navigation; James Rumsey’s Claim to the Discovery 
of Steamboat Navigation; Claims of Nathan Read, Nicholas Roosevelt, Capt.Samuel Morey and Elijah 
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Ormsbee; Inventions of Col. John Stevens and Robert L. Stevens in Steam Navigation: Robert 
Fulton-His Successful Efforts in the Development of Steam Navigation with the Assistance of Robert 
L. Livingston; Improvements tn Steamboats and Increased wcilities for Steam Navigation on the 
Hudson River; Rivalry between Steamboat Companies—St« vat Disasters—Great Improvement 
in Steamboat Construction; Railroad Transportation 





AUTOMOBILES. By Hugo Diemer, M.E. Chicago, American School of ¢ €- 

spondence, 1909. Cloth, 192 pp., illustrated. Price, $1.50 
Contents: Component Parts a Motur-Car; Power Plant of a Gasolene Car; ¢ ling Mechan 
of Motor-Cars; 





ism and Transmission; Care and Operation of Motor-Cars; Selection and Classtfica 
Index 


PATURATEDAND SUPER- 


I 


l ABLES AND DIAGRAMS OF THE THERMAL PRO! 


| ' 


HEATED STEAM. By Lionel 8. Marks and Harv 


Contents: Part I: Tablesand Diagrams; Part II: The Use of the Diagrams; Part III: Discussion 


af Sources 








ACCESSIONS TO THE LIBRARY 


his list includ only accessions to the library of this Society, included i } Er 
Library List of ace ys to the libraries of the A. I. E. E. and A. I. M. | 
juest from Calvin W. Rice, Secretary, Am.Soc.M.I 


AMERICAN MINING CONGRESS Mionthly bulletin. Vol. 13, no. 2 D 


1910 


AMERICAN WATER WORKS ASSOCIATION. Proceedings, 1909 Baltimore, 1909 
Gift of American Water Works Association 


APPROXIMATE Cost oF Mitt Buitpines. By C. R. Main. Waltham, 1910 

AUTOMOBILES. By Hugo Diemer. Chicago, 1909 Gift of author 

BEITRAGE ZUR GESCHICHTE DER TECHNIK UND INDUSTRIE Vol. 1, 1909 Be 
li? , Sp enger, 1909. Gift of Verein deutscher Ingenieure 


BROADENING THE FIELD OF THE MARINE STEAM TURBINE: THE PROBLEM AND 
ITS SOLUTION He Melville and Macalpine Reduction Gear. Pittsbu 


1 One 
1909, 


CARNEGIE INSTITUTION OF WASHINGTON, DEPARTMENT OF TERRESTRIAL Mac 


NETISM. Annual report ol the director, 1909. Gift of the De partment 

Civit ENGINEER'S Pocket-Book. Ed. 19. By J. C. Trautwine. A y 
J. Wiley & Sons, 1909 Gift of J. ¢ lrautwine, Jr., and J. C. Trautwine 
3d. 


CONTROL OF FLIES AND OTHER HousEHOLD INsEcTs. Bulletin 136, N. 


State Museum. By E. P. Felt Albany, 1910. 


DESIGN AND CONSTRUCTION OF INTERNAL-COMBUSTION ENGINES. | 
Guldner New York, 1910 


DruTscH-AMERIKANISCHEN TECHNIKER-VERBANDES. Verbands-Statuten, 1910 


New York, 1910. 


DICTIONNAIRE DE LA LANGUE IF RANGAISI Vol. 1-4 and supplement. Pa 


1SS4 1886. 


Economy Factor IN STEAM-POWER PLANTs. By G. W. Hawkins Vew Y 
Hill Publi Shing Co., 1908. 


ELEMENTS OF MACHINE Desian. Part 1, General principles, strength of ma- 
terials, etc. London, 1909. 


ELEVATOR SERVICE. By R. P. Bolton. New York, 1908. 


ENERGY: WorkK, HEAT AND TRANSFORMATIONS. ByS. A. Reeve. New York, 
McGraw-Hill Book Company, 1909. 
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I;NGINEERS’ AND FIREMEN’S LICENSE LAW BorLeR INSPECTION LAW Rul 
Formulated by the Board of Boiler Rules, Commonwealth of Massachu 
setts. Bo tor 1909. Gilt of Jol n \ stevens 


Gas Enaine. By C. P. Poole. New York, Hill Publishing ( 09. (Gift 


ol Luthor 
Dit GASMASCHINI Kd. 5. By R. Schéttler Berlin, 1909 
(;As TURBINI By H. H. Suplee Philadelphia, 1910 Guft of author 
(;ROSSGASMASCHINENBAU IN AMERIKA. By br. Rieppel, J: Reprint Z 
chrift Vereines deutscher Ingenieurt L909 Gilt ol tho! 
ITANDBOOK OF SMALL TOOLS By Erik Obe \ } WS 
Heat ENERGY AND FUELS By Hanr v. Juptne \ ) WeG } 
j ( 1908 
HeNLEY’s EncycLopmpia or Practicat En: EI An RAD 


IlypRAULIc I EVATORS By Wm. Baxter, Jr (/ 


ILLUSTRATED TECHNICAL DICTIONARY Vol. 5. Railwav construction and o 
Vol. 6, Railway rolling stock Ve } 1909 
LARGER GAS ENGINES By P. R. Allen teprinted from ¢ er’s M 
Julv -Se ptember 1909 Gift of Ca er \ 
INSEED OIL AND OTHER SEED O11 By W. D. En \ ) oo. % 


\ lfrand ¢ 1GOYG 


LOSSES OFF TRANSMISSION LINES, Dur To B 


\loDERN GaAs-ENGINE AND THE GAS-PRODUCI by A. M. Le 
J. Wiley & S 1910 


\loror TRACTION Vol. 9, no. 421-date ) 


New York Crry, DEPARTMENT OF Bripbg! feport ¢ \1 
By Ralph Modjeski 1909 Ne ) W109 ( t of the Der 


POSTULADOS DE LAS CLASES OBRERAS Y ! Los DescaLipos Y PROLETA 
4 PRESENCIA DE LA CIENCIA SOCIAL Y, EN ESPECIAI 1E LA ECONOMIA 
ITICA Vol. 2 Santiago de Chil 1909 Gift of Seeretarv-Gene1 


Fourth Scientific Congress [First Pan-American 


PRACTICAL COLD STORAGI By Madison Cooper. Chicago, 1905 
PRINCETON UNIVERSITY Directory of Living Graduates and Former 
Students, 1908. Princeton, 1908 


PRopUCER-GAS-IIRED FURNACES By Oscar Nage Vew ) 1909 








AMERICAN SPIRAL PirE Works, Chicago, II 


ASBESTOS PROTECTED METAL Co., Canton. Ma Asbestos protected 
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RESISTANCE AND PROPULSION OF Surps. Ed.2. By W. F. Durand. 


. as Ne w York 
J. Wiley & Sons, 1909. 


SMITHSONIAN INSTITUTION. Annual report. 1908. Washington, 1909 


Société pES INGENIEURS CIVILS DE FRANC! 


Inauguration du Nouvel Hotel, 
January 1897. Paris, 1897. 


STEAM PowER PLANT Pipina Systems. By W. L. Norris New Ye 1909 

‘TABLES AND DIAGRAMS OF THE THERMAL PROPERTIES OF SATURATED AND SUPER- 
HEATED STEAM 3y L. S. Marks and H. N. Davis. New York-Londo 
Longmans, Green & Co., 1909. Gift of author.) 

THEORY AND PRACTICE OF MODERN FRAMED STRUCTURES Part 1, Stress« n 
simple structures. Ed. 9. By J. B. Johnson, C. W. Bryan and F. E 


Turneaure. New York, 1910. 


TYPES AND DETAILS OF BRIDGE CONSTRUCTION. P 


arts1-3. By F.W.SI 
New York, 1904, 1906, 1908 


U. S. Liprary or CONGRESS. Dupli ite pe riodicals and serial vailable for 
exchange January 1910. Washington, 1910. 


Want list miscellaneous publications 1909. Was/ 


naton, 1909 
U. S. Liprary or Conaress. Report of Librarian, 1909. W: 
Publications issued since 1897. 1910. 


Wa: hington, idl 
UNIVERSITY OF PENNSYLVANIA. Catalogue, 1909-1910. P) 
VEREIN DEUTSCHER INGENIEURE. 


VEREINES. 1856-1906 


7 


ladelphia, 1910. 
ZUR FEIER DES 50 JAHRIGEN BESTEHENS DES 


—BeRLINER BEZIRTSVEREIN DEUTSCHER INGENIEURE. 1856-1906. Berlin, 
1900. 


Watouppa WaTER Boarp. 36th Annual Report. 1910. 


EXCHANGES 


JUNIOR INSTITUTION OF ENGINEERS 


Journal and Record of Transactions 
Vol. 19. London, 1909. 


LIVERPOOL ENGINEERING Society. Transactions. Liverpool, 1909. 


RAILWAY SIGNAL ASSOCIATION. List of Members, 1910. Bethlehem. 1 


19I¢ 
SACHSISCHER DAMPFKESSEL REVISION 


VEREIN, CHEMNITZ. Ingenieur-Be- 
richt, 1909. Chemnitz. 


TRADE CATALOGUES 


Spiral riveted pipe, forged stee 


pipe flanges, hydraulic and exhaust steam supplies 290 pp 


for roofing, siding, ceiling, and interior finish, 8 pp 
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KcOoNOMY DRAWING TABLE Co., Toledo, O. Drawing tables, sectional filing 


cases and sper ials in this line, for engineers architects, contractors, man- 


ual training schools, ete., 48 pp 
GENERAL Evectric Co., Schenectady, N. Y. Building lighting with gener 
electric tungsten and tantalum lamps, 16 pp Price list No. 5211, G. | 


tantalum incandescent lamps Oo pp.; November 1909. Index to bul 
I ibli hed, 9 pp ‘ Bulletin No. 4703A, Variable releas« ir brake eq lipment 


ll pp.; Bulletin No. 4714, Railway signal voltammeter, type 8S, 3 pp.; 


Bulletin No. 4715, G. E. 210 Railway motor, 16 pp 

HaGAN Gas Enaine & Mra. Co., Winchester, Ky. Catalogue C, 2 to 100 h.p 
Hagan gas and gasolene engines, 39 pp 

JEFFREY Mra. Co., ¢ mou i) Booklet No 33 Jeffrey wire cable conveyors 


24 pp.; Booklet No. 34, Jeffrey standard elevator bucket 24 pp 


LAMSON CONSOLIDATED Store Service Co., Boston, M Cwo-wirt yrd- 
prop on parcel carriers for stores Spp 
\ 
\] ( | MENT AND ENGIN ING ( / 7 A 
ul, sanitary, and fireproof equipment for factori« foundries, office 
} et 32 pp 


Ouxn1o Brass Co... M field, O Bulletin of electric railway and mine haulage 

REMINGTON TYPEWRITER Co., New York, N. Y. temington Notes, vol. 2, 
No. 2, containing notes of interest to users of the Remington typewriter, 
16 py 

Francis H. Ricwarps, Ne York, N. Y. Useful information concerning 
patents and inventions, 38 pp 


RussEL WHEEL AND Founpry Co., Det VW Views of Russel skidding 


Cuas A. STICKNEY Ce St. Paul. Mina Bulletin No. 1137, The Stickney oil 
engine and 57 point in which it excels other engines 16 pp 
UNDERFEED Stoker Co. or America. Chicago, I Publicity Magazine 
, . a . 
Keb lary 1910, devoted to the interests of the Jones mechanical stoker, 
WaaGner E.ectric Mrg. Co., St Louis, Mo. Bulletin 89—Type BW polyphase 
WARNER & Swasey Ci Cleveland, O. Warner & Swasey prism terrestrial 


tele scope, 6 pp. 
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UNITED ENGINEERING SOCIETY 


GIFT OF E. E. OLCOTT 

ALBANY Institute. Transactions. Vol. 5. Albany, 186; 

New York Stat! Adjutant General. Annual report. Vol. 3. Alf 
1868. 

New York Strate ENGINEER AND Surveyor. Annual report on 
1862, 1864 Albany, 1863, 1865 

Annual report on railroads. 1862, 1865. Albany, 1869, Id 

New York State Rartroap Commissioners. Report, Vol. 1, 1880 1 
1886. 

Sweer, 8S. H. Documentary sketch of New York State canals 1 

REGISTER TILL PATENT MEDDILADE AF KUNGL. PATENTBYRAN.  1SS0-L905 
supplement to L905 Stockholm, 1890-1909 


rTRADE CATALOGUES 


Grrop FURNACES d 











EMPLOYMENT BULLETIN 


The Society has always considered it a special obligation and pleasant duty to be the medium 
of securing better positions for its members. The Secretary gives this his personal attention 
and is most anxious to receive requests both for positions and for men available. Notices are 
not repeated except upon special request. Copy for notices in this Bulletin should be received 
before the 15th of the month. 


The list of men available is made up of members of the Society 
and these are on file 


with the names of other good men not members of the Society, who are 


capable of filling responsible positions. Information will be sent upon application. 


POSITIONS AVAILABLE 


015 Sales manager for improved type of heavy-duty gas and gasoline engine: 
up to 25 h.p., for industrial and farm purposes. Applicant should state experi 
ence in similar capacity and what results he could agree to produce 


016 Large blast-furnace plant in the South wants at once draftsman between 
twenty-five and thirty years old, technically educated. witl 


sufficient breadth 


to do testing and Various work about the plant Climate agreeable and health 


ful. Exceptional opportunity for the right man 


- 


017 Wanted, by a large iron and steel company, superintendent of shops 


include pattern, foundry, blacksmith, pipe and machine shops; combined fore« 
of about 500 men. Prefer technically educated man. Must be an organizer 
familiar with modern methods and abl to hold production cost 


on reasonable 


ASIS None but high class man need apply Salary $3600 per annum 


OIS Wanted thorough practical and theoretical man, to take charge of the 


produet on and the de velopment of a concern located in the Middle West 


Must be familiar with railroad operat 
ing conditions and thoroughly up-to-date in Drass tour 


manutacturers of injectors, valves, ete 


idry and machine 
shop practices 


019 Instructor in mechanical drawing and machine d 
school neal New York. 


esign in a technical 
Previous teaching experience desirable but not essen 


tial. Salary about $1500 with good opportunity for advancement. 


020 Assistant engineering editor on prominent trade journal; excellent op- 
portunity [or rapid advancement. State experience fully; communications 
confidential. 


021 Opportunity for engineer with business experience to acquire interest 
in business of manufacture of all classes of hydraulic machinery 


mers, etc. Location Pennsylvania. 


steam ham- 
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MEN AVAILABLE 


41 Lawyer-engineer, desires position as salesman. Age 44; member United 
States Supreme Court; legal and technical education, twenty-five years 
successful experience combined with sales, steam, electrical and gas driven 


power plants, water and gas works, chemicals, every description of 
machinery and its product; specialty, automobile salesman. I:xtensive ac- 
quaintance throughout the United States. 


42 University graduate in mechanical engineering, a student member! 
located on the Pacific Coast, desires position with eastern gas engine company 


at present designing medium and large liquid fuel engines, stationary 


marine; testing and machine shop experience. 


43 Junior member, graduate mechanical and electrical engineer, Mass 
Inst. of Technology; experience in erection and operation of electric power 
plants; has served time in large railroad shops and understands shop method 


thoroughly. Location immaterial 


14 Mechanical enginee! spec lalized In m unuf a turing, thoroug!t y compe 
tent to take responsible position. As superintendent and manager has success 


ful practical experience in foundry and machine shop; gray iron and brass mix- 


oO 


tures by analysis, machine moldir 


ss 
interchangeable machine work, systema- 


tizing, cost-keeping, piece work, et > knows how to « quip plant and organize 


men to secure large output and low costs 


45 Cornell graduate, married, nine years’ experience with engineers, con 


tractors and industrial companies, in drafting room, office and on constructior 
I 


desires to make a change 


46 Mech init alengineer, Me mbe¢ r, tec hnical gl id late; broad pract know! 
oad 
edge of engineering, good systematizer, especially able as a producer, seve 
years’ experience in engineering work, in charge of large engineering depa 


1 1 


ments; desires position with first-class firm as chief engineer, or similar positi 


47 Man with seventeen years’ experience in office and shop of manufacturin 
concern, general experience in this line and executive work; would like to meet 
some responsible concern in New York or vicinity who want salesman or com- 


petent office manager. 


48 Engineer, thirty years old, technical graduate, desires position prefer- 
£ a iat 


ably in Chicago, as factory manager of a small but growing plant. Four years 
shop and drafting experience, four years installing cost and shop system 
experienced in laying out and constructing power plants and industrial work 


49 Member, with over twenty years practical experience 1n designing, super- 
intending and managing work in shop and field, desires position, preferably nea! 
Philadelphia, 
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50 Engineer, wants the New York agency for the best automobile delivery 
wagon and automobile truck in the United States. 


51 Member, now general mechanical superintendent, desires change. Ten 
years’ experience as mechanical engineer and superintendent, general transmis- 
sion machinery, gas and Corliss engines. Thoroughly posted on rapid foundry, 
machine shop production and up-to-date appliances and methods 

52 Associate member, twenty-eight years of age, graduate marine and me- 
chanical engineer, wishes tolocate with some good, growing manufacturing con- 


cern in capacity of chief engineer, assistant chief engineer, chief draftsman o1 


similar position, where the services of a mechanical engineer with an excellent 
theoretical, as well as practical training in the gas engine, producer steam 


engine, power transmission and general engineering lines will be appreciated 


Jest references as to ability and character. 


53 Associate, graduate mechanical engineer, fourteen years’ experience in 
general engineering work, including machine shop work, testing, power plant 


design, construction and operation. Five years in electric railway work, 
involving civil, mechanical and electrical engineering; recently completed the 
lals 


remoadeilng ¢ 


f an electric railway and lighting power plant, now completing the 


e _ i = @ 
construction of a large electric power plant Good executive ability, experi- 
ence in office m«e thods, correspondence el Wishes an executive position 
involving responsibility. Salary $2500 


54 Junior, technical graduate, at present mechanical engineer and assistant 
to manager of plant building high grade boilers. Experienced boiler designer. 


Desires similar position, or as assistant superintendent in large plant. 
ta 


55 Junior member, age thirty-one, desires to make achange. Several years 
designing, testing and installing steam turbines, steam engines, condensers, 
etc.; varied experience in engineering lines, and electrical work. Desires posi- 
tion with large industrial corporation, or in office of consulting or contracting 


engineer 


56 Graduate mechanical engineer. Harvard University, 8S.B. and M.M.E., 
twenty-five years ol ge, experienced in the organization and management of 
work shops, would like to obtain position with establishment manufacturing 


standard line of goods, or with consulting engineer engaged in workshop organi- 


zation and managemen 


57 Member, desires position as mechanical engineer with concern develop- 
ing new inventions; competent in designing, perfecting and simplifying mechan- 
1ISms 








CHANGES IN MEMBERSHIP 
CHANGES OF ADDRESS 


ALDEN, Herbert W. (1908), Ch. Engr., Timken-Detroit Axle Co., ( 
Detroit, Mich 

BORDEN, Wm. H. (Junior, 1905), Goldsboro, N. ¢ 
Ave., N Seattle, Wash 

BULKELEY, Claude A. (1909 
Bldg., 4ist St. and Park Ave New York, N. } 

BURTON, Isaac Francis (1908), Supt., Vietor Talking Mel 
5219 Walnut St Philade Iphia, P 

BUSH, Harold Montford (1894; 1905), Cor kngr., 69 N. 1 
Q. 

CAMPBELL, Jeremial r }OStOl 

CHESS, Harvey B., Ji Junior, 1909 Secy. and W Mer., ¢ 
Kxpanded Metal Cos., Rankir | for) S814 Aiken Ave 
Pa. 

COFFIN, Howard E. (1907), V. P., Hudson Motor ¢ 
Ave., Detroit, Mic! 


- 


DIXON, Charles F. (Junior, 1903), Engrg. Dept vew England | 


113 Chureh St., and } iP 4 
DOUGLASS, Wm. M. (1884 106 Seventh Ave 
FARWELL, E. S. (1899), Ger Mer., Yellow Pine P 

lex 
ih LEMING, Wills M. (1905; 1909), ¢ Draftsman, Deane St 

and for mail, 370 Maple St Holyoke, Ma 
GILMAN, Francis L. (1908), Ger \igr., Missouri & Kan 

Kansas City, Mo 

GILMORE, George Parley (1909), Power and Equip. Engi 


Bldg., and 109 Barre St., Fall River, Mass 


HILL, Robert J. (Associate, 1904), 810 Marquette Bldg., Chica 


Sheridan Road, Wilmette, III 
HORTON, William H. (Junior, 1904), 7001 S. Park Ave., Chie: 
HUGHES, Burton Shelley (1908), Cons. Eng 


Cincinnati, © 


JAC KSON, | W LYOU Dist Ny Harri burg | ly & Mel 


Marquet e Bldg., Chicago, | 
KEITH, Thomas Junior, 1905 Robins nveying 
Bldg., New York, N. ¥ 


KNIGHT, Alfred H. (1909), Carriage Chassis Engr., Packard M« 


ind ry mail, 185 Seward Ave Wetroit Mich 
LEE, Ralph A. (Junior, 1909 \ Bldg. Supt 
Cedar St., New York, and 578 75th St., Brooklyn 


, 1014 Commercial Tr 
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LEE, Robert E. (Junior, 1907), 129 Chestnut St Rutherford, N. J 

MATTHEWS, Fred Elwood (Junior, 1904), Asst. Mgr., Cold Stora; su] 
tion Dept., H. W. Johns-Manville Co., 100 William St., New York, N. ¥ 

MEINHOLTZ, Herman Chas. (1909), V. P. and Supt., Heine Safety Boi 
(‘o., 2449 kk. Marcus Ave., and rma 1812 Greer Ave., St. Louis Mo 

MILLETT, Kenneth B. (Junior, 1908), Factory Supt., Protal Co., Bridgeport 
Conn 

MINCK, Peter (Junior, 1909), Mech. Engr., with Edwin Burho1 i 
St., New York, N. Y., and for mail, 112 Gardner St., Union Hill, N. J 

MURRAY, Geo. R. (1903), Pre Murray Stone Co., 914 W imson Bldg 
Cleveland, O 

MURRIE, John |] Junior, 1905), Mech. Engr., Pub. Service Com., | 
Dist., Tribune Bldg., and for me 551 W. 178th St., New York, N. ¥ 

ORD, Henry C. (1905), Genl. Elec. Co., and mail, 3 Eastern Ave., Lym 
Mass 

POULTNEY, John Livingston (1908), Contr. Engr., Land Title Bld PI 


} 
i 


delphia, Pa. 

POWELL, E. Burnley (Junior, 1904), Stone & Webster Engrg. Corp., 147 
Milk St., Boston, Mass., and for mail, Houghton County Elee tht Co 
Houghton, Mic] 

RATTLE, Paul §S Junior, 1908), Sales Organizat H | . & ( 
Wks., Chicago, and 459 Oak Park Ave., Oak Park, | 

REID, John Simpson (1898), Instr. M« Drawing and Design, A ir ] 
Tech., and 43 W. 33d St., Flat C, Chic | 

RICE, Alva ¢ 1890), Cons., Hyd. and Mech. Engr., 5 Oberlin St., W 
Mass. 

ROUVEL, George W 1907), Genl. Supt., Standard Portland Cement Ce 
Napa Junction, and Napa, 

SERGEANT, Chas. H. (1895), 511 W. 134th St., New Yor N. ¥ 

SMITH, Roy B. (Junior, 1905), Ih 
Champion Ave., Columbus, O 

TALCOTT, Robt. Barnard (1907), Inspr. Mec] nd Elee. Engrg., S. Post 
Office Bldg., Denver, Colo 

TAYLOR, Perey B. (1909), Cons. Engr 196 Market St., Newark, N. J 

TERRELL, Cary D. (Junior, 1901), Sales Agt., Am. Car & Fdy. Co., 915 O] 
St., St. Louis, Mo 

rRACY, Theron H. (1902), Pres., Durostone Co. of Ameri San Dies 

UNGER, John 8. (1886), Cons. Eengr., 1412 N. Y. Life Bld nd 3344 
Evanston Ave., Chicago, I 

WAERN, A. W 1908), Cor engi 3 H. Wallace & Co., Ten 
Bldg., New York, N. \ 

WALSH, Thom J. (Junior, 1906 Stone & Webster Engrg. Corp., Boston 
Ma ind mail, Hou ounty ’ rht Ce ightor 

WILDER, Clifton W. (1907), Asst. Elec. Engr., Pub. Service Com., 154 Nassau 
St., New York, N. } 

WRIGHT, Roydon \ 1907), Supv. Mech. Dept., Railway Age Gazette, 
New York, N. \ ind . ”n 85 N. 20th St., East Orange, N. J 


ple (Court 
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NEW MEMBERS 


BLANCHARD, Henry W. (1909), Megr., Austral Iron Wks., E. W. Tarry Co., 
Ltd., and for mail, P.O. Box 1098, Johannesburg, Transvaal, South Africa. 

RUCKER, B. Parks (1909), Elec. and Mech. Engr., Trust Bldg., Charlotte, 
N. C. 

STODDARD, Elliott J. (1909), Parker & Burton, 603 Moffat Bldg., Detroit, 
Mich. 


PROMOTIONS 
HVID, Rasmus M. (1907; Associate, 1909), Am.Soc.M.E., 29 W. 39th St., 
New York, N. Y. 
THURN, Theodore (1904; 1909), Engr., Genl. Elec. Co., 23 Water St., Yoko- 
homa, Japan. 


DEATHS 


GOODALE, A. M., December 17, 1909. 











GAS POWER SECTION 


CHANGES OF ADDRESS 


FLEMING, W. M 1909), Mem.Am.Soc.M.|} 

MATTHEWS, Fred 1] 1908), Mem.Am.Soc.M.] 

MYERS, Theodore B. (Affiliate, 1909), 981 Bulls Ferry Rd., Woodcliff-on- 
Hudson, N. J. 

SERGEANT, Chas. H. (1908), Mem.Am.Soc.M.1 

UNGER, John 8. (1909), Mem.Am.Soc.M.E 

WILDER, Clifton W. (1908), Mem.Am.Soc.M.1 


NEW MEMBERS 


BIGELOW, Lucius 8S. (Affiliate, 1910), Pres., Light Pub. Co., 106 Fulton St 
ind Pres., Periodicals Pub. Co., New York, N. Y 

HARRIS, William J., Jr. (Affiliate, 1910), Junior Engr., Tech. Branch, U.S 

Geolog. Survey Washington, D. ¢ 

HOBART, Frank G 1910), Mem.Am.Soc.M.1 

IRWIN, Arthur Charles (Affiliate, 1910), Erecting Engr., Tait Producer Co 
New York, and for mail, 33 E. Smith Ave., Corona, L.I., N. Y 

KENNEY, Lewis H. (1910), Mem.Am.Soc.M.k 

MYERS, David M. (1910), Mem.Am.Soc.M.] 

RANDALL, Dwight T. (1910), Mem.Am.Soc.M.E 

SMITH, Earl B. (Affiliate, 1910), Asst. Prof. Expl. Me Engrg., Drexel Inst. 
Philadelphia, Pa 


STUDENT BRANCHES 


CHANGES OF ADDRESS 


CHU, P. F. (Student, 1909), 31 Inman St., Cambridge, Mass 
CUMPSTON, E. H., Jr. (Student, 1909), 2252 Washington Ave., ‘ 
Q,. 
GREEN, J. B. (Student, 1909), 4734 Kimbark Ave., Chicago, | 
HARKNESS, C. L. (Student, 1910), Association House, Chamy 
HOLLENBERGER, Theo. J. (Student, 1909), 63 N. Adolph Ave 
ILLMER, G. M. (Student, 1909), 2739 Calvert St., Baltimore, Md 
KUPPATRICK, H. J. (Student, 1909), Roseville, | 
LAWRENCE, J. H. (Student, 1909), 3120 Broadway, New York 
NYLAND., Evert (Student. 1909). 1428 N. Bouvie St.. Philadk 
PETERSON, A. G. (Student, 1909), Lodi, N. Y. 
STEINBECK, C. E. (Student, 1909), 1029 N. Hunter St., Stockto 
STEWART, H. M. (Student, 1910), 2358 Ohio Ave., Cincinnati, O 


NEW MEMBERS 


ARMOUR INSTITUTE OF TECHNOLOGY 


CUMMINGS, G. F. (Student, 1910), 3360 Prairie Ave., Chi 
HATMAN, J ty st ident L910 565 ( alumet Ave ia cr | 


BROOKLYN POLYTECHNIC INSTITUT! 


BURKI | | Student, 1910 125 W lllth St New York, N. } 
HELWIG, Arthur (Student, 1910), 10th Ave. and 70th St 


CORNELL UNIVERSITY 


DEXTER, R. L. (Student, 1910), 603 E. Seneca St., Ithaca, N 
KONSTANKEWICZ, M. (Student, 1910), 208 Williams St., Itha 
LEHMAN, M. G. (Student, 1910), Barnes Hall, Ithaca, N. Y. 
MATTHAT, A. M. (Student, 1910), 810 University Ave., Ithaca, N 
ROOS, D. G Student, 1910 105 Highland Pl., Ithaca, N. ¥ 

WEED, R. W. (Student, 1910), 404 N. Cayuga St., Ithaca, N. ¥ 


PENNSYLVANIA STATE COLLEGI 


HASSLER, Joseph A. (Student, 1910 Alpha Kappa Delta Houss 
College state College Pa 


HOFFMAN, William S. (Student, 1910), 492 Main Bldg., Pa. St 


State College, Pa. 











MATTERN, J. Fred 
College, 


MINSKER, John W. 


State College, Pa 


MORGAN, Henry (Stu 
State College, Pa. 
PURDY, Donald F. (S 
State College, Pa 
RAHN, Robert M. (Stu 

College, Pa 
WHITE, J. Frank (St 

College Pa 
BUTTERS, H. M. (S 
BUYERS, D. ] Stu 
CHRISTIE, H. A. (St 
GRAY, ¢ | Stude 
SUHS, G. H. (Studer 


PHOMPSON, O. 1 


(Student, 
State College, 
Student 
dent 


tudent 


aent 


STUDENT 


1910 
Pa 
1910 


LO1LO > 


1910 


L910 


UNIVERSITY 


LOLO 502 


NIVERSITY 


lent, 1910 
S11 W 
225 W 


L910 


BRANCHES 


Alpha Kappa Delta House, 


339 McAllister 


314 ] College 


370 Main B 


210 | 


McAllister H 


F ILLINOIS 


Creel 


Crreen 


Hall, 


State College 


| ’ 
i 


Pa si ( eget 
ri Pa. St e Colleg 
Stat ( eg st 
~ { Sta 


Cf] WISCONSIN 

29 W.G 1 St Mad \W\ 
Johns mm st Ma | m Wi 
Cilman St., Ma ) \\ 

2 ) W (; Im st \I 1} mm \\ 








COMING MEETINGS 
Aprit—-May 


Advance notices of annual and semi-annual meetings of engineering societies are regularly 
published under this heading and secretaries or members of societies whose meetings are of 


interest to engineers are invited to send such notices for publication. They should be in the 


editor’s hands by the 18th of the month preceding the meeting. When the titles of papers 
read at monthly meetings are furnished they will also be published. 


AIR BRAKE ASSOCIATION 


May 10-13, Dennisson Hotel, Indianapolis, Ind. 


Subjects for discussion, 
and chairmen: 


Air Brake Instruction, Examination and Rating, Thos. 
Clegg; Air Pump Piping, Fittings and Connections, George W. Kiehm; 
Best Arrangement of Air Pump and Main Reservoir Capacity for100-car 
Train Service, P. J. Langan; Brake Cylinders and Connections to Cylinder 
Leakage, W. P. Garabrant; Inspection and Cleaning of Triple Valves and 
Brake Cylinders, C. P. McGinnis; Developments in Air Brakes, W. V. 
Turner; New York Brake Equipment, T. F. Lyons; Westinghouse Equip- 
ment, S. G. Down; Recommended Practice, S. G. 
Nellis, 53 State St., Boston, Mass. 
AMERICAN ASSOCIATION ELECTRIC MOTOR MANUFACTURERS 
May 18, Newport News, Va. Secy., Frank H. Couch, Hampton. 
AMERICAN ASSOCIATION OF LOCAL FREIGHT AGENTS 
April 19-22, Mobile, Ala. Secy., G. W. Dennison, Toledo, O. 
AMERICAN ELECTROCHEMICAL SOCIETY 
May 5-7, Spring Meeting, Pittsburg, Pa. Addresses on th 
of Electrochemical Industries; Pittsburg as an Electrochemical Center; 
the Conservation of Natural Sources of Power. Secy., Dr. J. W. Richards, 
Lehigh University, South Bethlehem. 
AMERICAN EXPOSITION IN BERLIN 
June 1-Aug. 31, American Manager 
York. 
AMERICAN FOUNDRYMEN’S ASSOCIATION and 
FOUNDERS’ ASSOCIATION 
May 18-20, joint convention, Cincinnati, O. 
Moldenke; A. B. F. A., W. M. Corse. 
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 
March 30-April 1, Charlotte, N. C 


Down. Secy., F. M 


» Present Status 


, Max Vieweger, 50 Church St., New 
AMERICAN BRASS- 


secy » ee Bs A., Richard 


Papers: Electric Drive in Textile 
Mills, A. Milmow; Gas Engines in’City Railway and Light Service, E. D 
Latta, Jr.; Modifications of Hering’s Laws of Furnace Electrodes, A. E. 
Kennelly; The Proportioning of Electrodes for Furnace Electrodes, Carl 
Hering; Some Demonstrations of Lightning Phenomena, E. E. F. Creigh- 
ton; Economics of Hydroelectric Plants, W. 8S. Lee; A Method of Protecting 
Insulators on the Lines of the Niagara and Lockport Power Company, I 
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C. Nicholson. April 21, San Francisco, Cal. Papers: Economics of a 
Generator Power System, P. M. Downing; Hydroelectric Developments 
and Irrigation, J. C. Hays. July 31, annual meeting., 29 W. 39th St., New 
York. Secy., R. W. Pope, 29 W. 39th St. 

AMERICAN MATHEMATICAL SOCIETY 

April 30, Columbia University, 150 W. 116th St., New York. Secy., F.N 

Cole. 

AMERICAN PORTLAND CEMENT MANUFACTURERS 
April 12. Secy., Perey H. Wilson, Philadelphia, Pa. 

AMERICAN RAILWAY ASSOCIATION 
May 18, New York. Secy., W. F. Allen, 24 Park PI 

AMERICAN RAILWAY INDUSTRIAL ASSOCIATION 
May 10, Memphis, Tenn. Secy., Guy L. Stewart, S. W. Ry., St. Louis, Mo 

AMERICAN SOCIETY OF CIVIL ENGINEERS 
April 6, 20, 220 W. 57th St., New York. Papers, April 6: New York Tunnel 


Extension of the Pa. R. R.; The Terminal Station, West, B. F. Cresson, 
Jr.; The Bergen Hill Tunnels, F. Lavis. Papers, April 20: Federal Investi- 
gation of Mine Accidents, Structural Materials and Fuels at Pittsburg 


Testing Station, H. M. Wilson 

THE AMERICAN SOCIETY OF MECHANICAL ENGINEERS 
April 9, St. Louis, Mo., with St. Louis Section, A. I. E. E., and Engineers 
Club of St. Louis. April 12, 29 West 39th. St., New York. April 27 
Auditorium Edison Electric Illuminating Co. of Boston, Boston, Mass., 
Boston Section, A. I. E. E., and Boston Soc. C. E., coéperating. May 
31-June 3, Spring Meeting, Atlantic City, N. J. July 26-29, meeting in 
Birmingham and London, England. Secy., Calvin W. Rice, 29 W. 39th 
St., New York. 

AMERICAN SUPPLY AND MCHY. MFRS. ASSO‘ ind SOUTHERN 


SUPPLY AND MCHY. DEALERS ASSO 


April 5-7, Convention, Seminole Hotel, Jacksonville, Fla 

AMERICAN WATER WORKS ASSOCIATION 
April 26-30, annual convention, New Orleans, La Paper: New Orleans 
Sewerage and Water Supply Systems, G. C. Earl. Secy., J. M. Diven, 
14 George St., Charleston, 8S. C. 


BROOKLYN POLYTECHNIC STUDENT SECTION, AM. SOC. M. E. 
April9. Paper: Engineering and Common Sense, William Kent, Mem.Am.- 
Soc.M.] Secy., Percy Gianella. 

CANADIAN FREIGHT ASSOCIATION 
April 14, annual meeting, Montreal. Secy [. Marshall, Toronto, Ont 

FLORIDA ELECTRIC LIGHT AND POWER ASSOCIATION 
April 12, annual meeting, Tampa. Secy., G. I. Doig, Gainesville 

INTERNATIONAL MASTER BOILERMAKERS’ ASSOCIATION 
May 24-27, New Clifton Hotel, Niagara Falls, Ont Secy., Harry D 
Vought, 95 Liberty St., New York. 

INTERNATIONAL RAILWAY FUEL ASSOCIATION 
May 23-26, Chicago. Secy., D. B. Sebastian, 327 LaSalle St 

IOWA ELECTRICAL ASSOCIATION SHOW 
April 20-21, Sioux City. Secy., W. N. Keiser, Des Moines Electrical Co 
Des Moines 
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IOWA STREET AND INTERURBAN ASSOCIATION 
April 20,21, Sioux City. Seecy., L. D. Mathes, Dubuque 
MISSOURI ELECTRIC AND GAS ASSOCIATION 
April 14-16, Jefferson City Secy., C. L. Clary, Sikeston. 
MODERN SCIENCE CLUB 
April 12. Annual election, 125 S. Elliott Pl., Brooklyn, N. \ Secy 
J. A. Donnelly. 
NATIONAL ASSOCIATION OF COTTON MANUFACTURERS 
April 27, 28, annual meeting, Boston. Secy., Dr. C.J.H. Woodbury 
Mem.Am.Soc.M.E., Box 3772 
NATIONAL ASSOCIATION OF MANUFACTURERS 
May 16-18, New York. Secy., George 8. Boudinot, 170 Broadwa 
NATIONAL DISTRICT HEATING ASSOCIATION 
May, annual meeting, Toledo, Ohio Secy., A. C. Rogers 
NATIONAL ELECTRIC LIGHT ASSOCIATION 
May 23-28, St. Louis, Mo Secy., Frank H. Tate, Dayton, O 
NATIONAL GAS ASSOCIATION OF AMERICA 
May 17-19, Oklahoma City, Okla. Secy., M. W. Walsh, 110 N. Broadway 
NATIONAL MACHINE TOOL-BUILDERS ASSOCIATION 
May 24, 25, Spring Convention, Hotel Seneca, Rochester, N. Y. Secy 
C. E. Hildreth, Worcester, Mass 
NATIONAL METAL TRADES ASSOCIATION 
\pril 13, 14, annual convention. Hotel Astor, New York 
NEW ENGLAND WATERWORKS ASSOCIATION 
April 13, special meeting, Hartford, Conn June, Providence, R. | ye} 
tember 14-16, annual convention, Rochester, N. Secv., Willard Kent 
Narranganse tt Pier, R. I. 
OHIO SOCIETY OF ENGINEERS 
May 19, 20, Cincinnati. Secy., F. E. Sanborn, Ohio Stat vel 
Columbus 
PENNSYLVANIA STATE GAS ASSOCIATION 
April, Easton. Secy., W. H. Merritt, Lebanon 
PROVIDENCE ASSOCIATION OF MECHANICAL ENGINEERS 
April 26, West Hall, R. I. School of Design, 8 p.m. Paper: Oxy-Acetylene 
Welding and Cutting, Henry Cave; May 24, Modern Machine Too 
se cy., Prof. T. M. Phetteplace Mem.Am.Soc.M.E., 48 Snow St 
SOCIETY OF CHEMICAL INDUSTRY 
April 1, annual meeting, New England Section. Secy., Alan Claflin, S&8 
sroad St., Boston, Mass. 
STEVENS ENGINEERING SOCIETY 
April }, 12, 19, 26, Hoboken, N. J Pape rs: Theory of ¢ ryrost Opie Moti 
L. A. Martin, Jr.; Handling Concrete Work, F. B. Gilbreth, Mem. Am.Sox 
M. k.; Notable Examples in Modern Construction, J. C. Ostrup; Develo 
ment of the New Navy, D. W Taylor 
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MEETINGS IN THE ENGINEERING SOCIETIES BUILDING 


Date Society Secretary Time 
April 
2 Amer. Soc. Hungarian Engineers and Architects. Z. deNemeth 8.30 
7 slue Room Engineering Society W. D. Sprague 8 00 
12 The American Society of Mechanical Engineers. C. W. Rice 8.15 
: , , , f 2.30 
12 Amer. Soc. Engineering Contractors D. J. Hauer 4 

| §.00 
14 Illuminating Engineering Society P.S. Millar 8.00 
15 New York Railroad Club H. D. Vought 8.15 
15 American Institute of Electrical Engineers R. W. Pope 8 00 
19 New York Telephone Society Yr. H. Lawrenes S00 
27 Municipal Engineers of City of New York (. PD. Pollock 8.15 
29 American Institute of Electrical Engineers ..R. W. Pope 8 00 








OFFICERS AND COUNCIL 


PRESIDENT 


EE EE TRC reer ee Ee errr re Pittsburg, Pa, 
VICE-PRESIDENTS 
oe ere Slt piss ant ita ie oe lee .......Hartford, Conn 
ee eae GATE a aie Re RR ee eee Ithaca, N. Y. 
eT IE cali Shia nlarla a kjoe Re SSeS ee he ate a ates New York 
Terms expire at Annual Meeting of 1910 
CHARLES WHITING BAKER .... Ree Rae ee .New York 
W. F. M. Goss eee ean pear acrrataci ore ; ... Urbana, IIl. 
E. D. MEIER ... alain alee ie eae a j New York 
Terms expire at Annual Meeting of 1911 
PAST PRESIDENTS 
Members of the Council for 1910 
JoHN R. FREEMAN ...... ; ; a ataan etal Heute ae ...Providence, R. I. 
FREDERICK W. TAYLOR .... Peseta eae adie ....Philadelphia, Pa. 
RR ee eC ree rer arr rr re iets ead Ny hoe .New York 
er ee Pe Pr ee eee bata ste ; a St. Louis, Mo. 
UE MN bra grip vein Wi ao va RS oe ; New York 
MANAGERS 
Wm. L. Apsorr . , , .Chicago, II] 
ALEX. C. HUMPHREYs . Are .New York 
Henry G. Stort eee ee ee New York 
Terms expire at Annual Meeting of 1910 
H. L. Gantr .... Serre Fic ; Pawtucket, R. I. 
I. E. MouLtrop ee eae arene Boston, Mass 
Ws Oe AMD ccs Deiat cain Pe near Milwaukee, Wis 
Terms expire Annual Meetirz 1] 
Ps MEAD TRAMOROOT oo iincikccceccciceiscass .....Philadelphia, Pa 
JamMes HARTNESS ........ BP ee PE Ree oe ..... Springfield, Vt 
ID ricci ns pind pasa coe bi WENA SAGA . Schenectady, N. Y 


Terms expire at Annual Meeting of 1912 


TREASURER 
Wuiazas H. Wumr ........ RS ee ee UM Lae 


CHAIRMAN OF THE FINANCE COMMITTEE 
ArtTHuR M. Waitr TeeTEL eT e reer y cy cess were New York 


HONORARY SECRETARY 
F. R. Hutton alee .New York 


SECRETARY 
CaLviIn W. Rice ; ; Sere or ...29 West 39th Street, New York 








SPECIAL COMMITTEES 
1910 


On a Standard Tonnage Basis for Refrigeration 
D. 8. Jacospus G. T. VoorHEES 
A. P. TRAUTWEIN Puiuip De C. Batu 
E. F. MILuer 


On Society History 
Joun E. Sweet H. H. Supier 
Cuas. WALLACE Hunt 


On Constitution and By-Laws 
Cas. WaLLace Hunt, Chairman F. R. Hutrron 
G. M. Basrorp D. S. Jaconus 
Jesse M. SMITH 


On Conservation of Natural Resources 
Geo. F. Swain, Chairman L. D. BuRLINGAME 
CHARLES WHITING BAKER M. L. Hotman 
Cavin W. Rice 


On [nternational Standard for Pipe Threads 
E. M. Herr, Chairman Geo. M. Bonp 
WILLIAM J. BALDWIN STANLEY G. Fuaaa, JR. 


On Standards for Involute Gears 
WiLFrrep Lewis, Chairman E. R. FELLows 
Huco BILGRAM C. R. GABRIEL 
GAETANO LANZA 


On Power Tests 


D. S. Jacospus, Chairman L. P. BRECKENRIDGE Epwarp F. MILLER 
Epwarp T. ADAMS WILLIAM KENT ARTHUR WEST 
GeorceE H. Barrus CHARLES E. LucKE ALBERT C. VW oop 


On Student Branches 
F. R. Hutton, Honorary SECRETARY 


On Meetings of the Society in Boston 
Ira N. Houuis, Chairman I. E. Mou trop, Secretary 
Epwarp F. MILLER J. H. Lipper 
Cuartes T. Main 


On Meetings of the Society in St. Louis 
Wm. H. Bryan, Chairman Ernest L. One, Secretary 
M. L. HoLman 
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EXECUTIVE COMMITTEE OF THE COUNCIL 


ALtex. C. Humpureys, Chairman F. R. Hutton 


. 


Cas. Wu1ITING BAKER, Vice-Chairman H. L. 
F. M. Wuyte 


GANTT 


STANDING COMMITTEES 


FINANCE 
ArTHUR M. Waitt (5), Chairman R0oBERT M. Dixon (3), Vice-Chairman 
Epwarp F. Scunuck (1) GEO 
Watpo H. MARSHALL (4 


J. Roperts (2 


HOUSE 
WILLIAM CarTER DICKERMAN (1) Chairman FRANCIS BLossom (3 


BERNARD V. SWENSON (2) Kk DWARD VAN WINKLE (4 
H. R. Cospietau (5) 


LIBRARY 


Joun W. Lies, Jr. (3), Chairman LEONARD WaALpo (2 
AMBROSE SWASEY (1) Cuas. L. CLARKE 


ALFRED NOBLE (5 


MEETINGS 
Wicuts E. Hatt (5), Chairman L. R. Pomeroy (2) 
Wan. H. Bryan (1) Cuas. E. Lucke (3 
H. pe B. Parsons (4) 


MEMBERSHIP 


CuHaR_Les R. RicHarps (1) Chairman GeorGcE J. Foran (3 


Francis H. STILLMAN (2) Hosea WEBSTER (4 

TuHeEo. STEBBINS (5) 

PUBLICATION 
D. S. Jacosus (1) Chairman H. W. SpanauerR (3 
H. F. J. Porter (2) Geo. I. Rocxkwoop (4 

Geo. M. Basrorp (5) 

RESEARCH 
W.F.M. Goss (4), Chairman R. H. Rice (2 
R. C. CARPENTER (1) Ratepu D. MEeRSHON 


JAS. CHRISTIE (5) 


Note—Numbers tn parentheses indicate number of years the member is 
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vet to serve 





SOCIETY REPRESENTATIVES 
1910 


On John Fritz Medal 
AMBROSE SWASEY (1) Cuas. WALLACE Hunt (3) 
F. R. Hotton (2) Henry R. Towne (4) 


On Board of Trustees United Engineering Societies Building 


KF. R. Hurton (1) Frep J. MILLER (2) 
Jesse M. Situ (3) 


On Library Conference Committee 


J. W. Lies, Jr., CHAIRMAN OF THE LIBRARY COMMITTEE, Am. Soc. M. E. 


On National Fire Protection Association 


JoHn R. FREEMAN Ina H. Woo.son 


On Joint Committee on Engineering Education 


ALeEx. C. HUMPHREYS I. W. Taytor 


On Government Advisory Board on Fuels and Structural Materials 


Geo. H. Barrus P. W. Gates 
W. F. M. Goss 


On Advisory Board National Conservation Commission 


Geo. F. Swain Joun R. FREEMAN 
Cuas. T. MAIn 


On Council of American Association for the Advancement of Science 


\Lex. C. HUMPHREYS Frep J. MILLER 


Notse—Numbers in parentheses indicate number of years the member is yet to serve. 
y 


ya.) 








OFFICERS OF THE GAS POWER SECTION 
1909 
CHAIRMAN 
J. R. BrBBins 
SECRETARY 
Geo. A. ORROK 
GAS POWER EXECUTIVE COMMITTEE 
F, H. Stituman (1), Chairman F. R. Hurron (3) 


G. I. Rockwoop (2) H. H. Super (4) 
F. R. Low (5) 


GAS POWER MEMBERSHIP COMMITTEE 


H. R. Cosieica, Chairman A. F. STILLMAN 

H. V. O. Cors G. M. 8. Tair 

A. E. JoHNsSON GreorGE W. WuyTeE 

F.S. Kina S.S. Wyer 
GAS POWER MEETINGS COMMITTEE 

W. T. Maaruper, Chairman C. W. OBERT 

E. D. Dreyrus W. H. BLavve.t 


C. T. WILKINSON 


GAS POWER LITERATURE COMMITTEE 


C. H. Bensamin, Chairman L. S. Marks 

G. D. ConLEE T. M. PHETTEPLACE 

R. S. pE MITKIEWICz G. J. RaTHBUN 

L. V. GoEBBELS S. A. REEVE 

L. N. Lupy A. L. Rice 
A. J. Woop 


GAS POWER INSTALLATIONS COMMITTEE 
L. B. Lent, Chairman A. BEMENT 
C. B. REARICK 


GAS POWER PLANT OPERATIONS COMMITTEE 


I, E. Mouttrop, Chairman C. N. Durry 
J.D. ANDREW H. J. K. Freyn 
C. J. Davipson W. S. Twinina 
C. W. WHITING 
GAS POWER STANDARDIZATION COMMITTEE 
C. E. Lucker, Chairman E. T. Apams 
ARTHUR WEST James D. ANDREW 
J. R. Brppins H. F. Sirs 


Louis C, DoELLING 


Nore— Numbers in parentheses indicate number of years the member ts yet to serve 
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OFFICERS OF STUDENT BRANCHES 


STUDENT BRANCH AUTHORIZED HONORARY CHAIR PRESIDENT CORRESPONDING 
BY COUNCIL MAN BECRETAKY 


1908 

Stevens Inst. of Tech., December 4 Alex. C. Humphreys H. H. Haynes R. H. Upso 
Hoboken, N. J. 

Cornell University, December 4 R.C. Carpenter errr C. F. Hirshfeld 
Ithaca, N. Y. 

1909 

Armour Inst. of Tech., March9 G. F. Gebhardt F. E. Wernick W.E.7 
Chicago, Ill. 

Leland Stanford, Jr. March 9 W. F. Durand E. A. Rogers 1. B.B 
University, Palo 
Alto, Cal. 

Polytechnic Institute, March 9 W. D. Ennis J. S. Kerins 
Brooklyn, N. Y. 

State Agri. College. March 9 Thos. M. Gardner C. L. Knopf S.H.G 
Corvallis, Ore. 

Purdue University, March 9 L. V. Ludy E. W. Templin 4. ton 
Lafayette, Ind. 

Univ. of Kansas, March 9 P. F. Walker C. E. Johnson C. A. Swiggett 
Lawrence, Kan. 

New York Univ., November 9 C. E. Houghton Harry Andersor Andrew Hamiltor 
New York 

Univ. of Illinois, November 9 W. F. M. Goss B. L. i C.8. 8 
Urbana, Ill. 

Penna. State College, November9 J. P. Jackson G. B. Wharer G. W. Jacobs 
State College, Pa. 

Columbia University, November 9 Chas. E. Lucke F. R. Davis H. B. Jenkins 
New York 

Mass. Inst. of Tech.. November9 Gaetano Lanza M M i | 
Boston, Mass. 

Univ. of Cincinnati, November9 J. T. Faig W.H.Monteomery P.G. Haines 
Cincinnati, O. 

Univ. of Wisconsin, November9 C. C. Thomas R. N. Trane G. A. Gli 


Madison, Wis. 
Univ. of Missouri, December 7 H. Wade Hibbard R. E. Dudley F. T. Kennedy 
Columbia, Mo. 
Univ. of Nebraska. December7 C. R. Richards M. E. Strieter A. D. Stancliff 
Lincoln, Neb. 
1910 
Ur ol Maine February S 
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